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PREFACE TO SECOND EDITION 


The kcond edition ui ibis book represents a thormigli irvitiun both 
as Ed text matter acid ill nitration*. Et appear r in a larger and more 
attractive inrmar and ic 2* the author's hope that it will prm-u tmjr valu¬ 
able and teachable r hm wo& the first edition. 

Valuable suggestions wre made to the author by users nf the first 
rdiriun aiLiI these have Iwicu employed in the preparation of this rcvuetl 
edit ton. The is some wh mi enlarged, mainly by reason of a larger 
number of illustrations. Varimi? hlocfc diagrams and photograph* have 
been added and a number nr small pictures have been enlarged so as bet¬ 
ter eq display detail. New and more modern pictures have been substi¬ 
tuted for many uj the illustration* m the first edition and all palm- 
geographic maps and nearly all map* showing areas uf outcrops of mdc 
system* have betti redrawn. A particular rflott hat been made tn 
coordinate the pictures and text. At I diagrams arid pictures aot credited 
to others are by the author. 

The rev bed text include* many of die newer findings in the science 
of geology 1 and a number nt topics that were omitted from the previous 
rditi-m. The diaplrf on 0 1 Et$T ability of the Earth’s Crust” mm appears 
25. Chapter l L not only bi-cau^- this subject can hr well presented earl) 
in the course but also because it lends itsrlt unusually well to arousing 
and stimulating the student's interest to gcutugv early in his study. 

The material on die description* of Common mineral* has been re¬ 
duced, Many changes have taeri made in Chapter X no "TEie and 
Its Wort " 1 which lias been almost entirely rewritten, IiiiiNuraiit change* 
appear in the chapters on "The Atchrozuir Erft. M "The Proterozoic 
Era" and “The Ceimoic Era*" Jn the latter section the rocks uitd 
physical Ti[stf>ry of the tra are first curtsidereiE thus avoiding 1 largely 
arbitrary break in die discussion of the Tertiary and Quaternary changes 
which have led up to pren-iit-dai cnoditiutti. Tie ler Age is then 
conveniently treated in .1 separatechapter. Finally 1 the Ii trot the Cctio- 
zoic is considered a* a whole thus again avoiding an utmatufiJ break, 
ami giving a more unified picture oi the lifcnt the era. The important 
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Pacific Coast Tertian mi tie geologic h»l«»n of man arc both dealt 
with am lull}' and in the light »t the most mant knowledge. 

The author desire to evpress his gratitude to rhoic who have hrett 
iti-Ipfid with su^ndoRS. 

William J, Millm 

rnh irsiiv nt California at 
L*» Aiige!**, Caih.iMuii 
y«obtr ( if18 


PREFACE TO FIRST EDITION 


This honk ii ait ohrid^rj form ol tin*! author n £ ’I nimd Litton to 
Physical Gening) 1 " and 'Tiirmkkrtiun, tq Historical Geology / 1 h h 
intended to sfrvt as a text Rear a ^nt^nnestrr course mi general geology. 

Ii has tveen so written that a forrr::i[ knowledge of neither chemistry- 
physics, nor bin logy is a prerequisite for a reasonable understand ins of 
its contents, l“hc instructor can ordinarily supply tlic most needed in¬ 
formation along tlitie lines in the chai room and laboratory lecture 
and iUH , tifeaiii|]A h 

Fir Ii! rrip* shnuJd he made to illustrate as nmfly of the principles 
of the science a* time and condition* will |K?rmsE. Such outdoor work 
greatly sud> in making chetmdy more realistic and i me resting, labora¬ 
tory work should be, as Ear js possible, direct!^ correlated wirh Hue 
refill and textbook work, The student tfwuld stud? spL-dmeii* of min¬ 
erals .10d rucks, and also models, limps, and diagrams 

Concrete example* are freely used to illustrate important facts and 
principles, and, since geology i> essentially an historical science, the 
Imconcal order has been emphasized in the treatment ol the spectal 
topics and concrete examples. 

Careful attention ItJE been given m The armrtgemeiiT of dir ^uhjrci- 
nmttrr. Tin- wry nature ol file subject L such, however, that stitm 
repetition and anticipation are unavoidable rto matter what the arrange- 
mcm, I lie purpose has hern not only to make I hr order ol treatment 
logical, but also to avoid lepetirian and anticipation is tar as possible. 

In die second part of lb is book more introductory space is devoted 
to a discussion of broad fundamental principles of historical geology than 
h customary in tffctboob. The rock* ,-ind physical history* are also 
more distinctly emphasized than the paleontology, and it is hoped that 
this feature w all appeal to teachers who are noi specialists m paleontology 
as well as to students who have little or no technical knowledge of 
bsolugy. 

Milch time and Thought have been devoid To the gathering of th¬ 
ill Ltsir litmus which form itn essential p'itt of thr book, AJ] or the view* 
and diagrams i Hurt rate important farts and principles of the science, 
and, [he ref ore, they should he carefully studied m connection with the 
tart. 
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Among the nunlproniik original source* of photographs, special men- 
linn should be madr of the United Sintei* Geological Survey. (hr United 
States National Museum* the United States Reclamation Servirr, the 
United Stales Forest Service, the National FVk Service, the Nrsv York 
State Museum, and tile American Museum of Nadira! Histpfj'. The 
Macmillan Company, lirnry Hull and Company, Ginn and Company. 
1 ). Appleton and Company ami John Wiley am! Sons have generous!) 
-Mowed the use of various cots. 

Due acknowledgment is here made tnr the help obtained not nnlv 
from various teachers of geology, but also from the various insimais, 
wthoob. and special treatises cm geologv and from man} publications 
ot the United Stans Geological Survey. 

Correct ions and suggest inm for the improvement of the book will 
be heartily welcomed. 

William j. Mines; 

Uiiivcfvin of Cali I or ilia at 
Ijm Augtki, C^fifdfnla 
j.inidiifc k i^)l 
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ELEMENTS OF GEOLOGY 


WITH REFERENCE TO NORTH AMERICA 

PART L PHYSICAL GEOLOGY 

CHAPTER I 
INTRODUCTION 

D.£F1K'IT|0K OP GeOIjOCSV 

GeoukTY (mgiaifig literally "earth science") desk with the history 
oi tFie earth md ifc iithibnt.iiits :ts recorded in the rocks. Broadly con¬ 
sidered, the science may be divided into physical geology and historical 
geology, Physical ftofopy deals with the materials or the earth; earth- 
crust movements; the structure of the earth; and the processes rod 
stgcnrii* by which the earth has been (or many million* of years, and is 
being, fluidified, including such agencies as weather, wind, i [reams p 
glaciers* sea, organisms, volcanoes* subterranean waters* and lutes, llit- 
tartmi fjwfotjy deals with the records of the successive events of earth 
history, and with the history and evolutionary chzuigcs of the organLsms 
which hive lived upon the earth- Gtxtgrupk} deals with the distribution 
of the earths physical lectures, in their relation to cadi other, ami to 
the life of sea and land, imperially human life and activity, Geography 
may, there fore* he regarded as the outward and present-day expression 
of geological effects. Geology includes geography as cause includes 
effect. Physiography deals with the relief features of the earth and the 
geologic laws which govern their origin* 

The Scope and Sigsificaxo; oy Geology 

The person of ordinary intelligence is* unless hr has devoted some 
study to the matter, very likely to regard the great variety of physical 
features rod life of the earth as practically unchangeably and to think 
that the} were i^iinally the same in the beginning of the earth's his- 
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tory as they are now* Bui rhe study of ^ulugy has firmly established 
ihr great fact that the face *n like earth, and the life upon it, represent 
merely a jingle phase ctf a l rttimtiloitfty long history wllkb ha* Involved 
many pm round and far-reaching changes. 

'Hie following concise siairments ot some of the more definite and 
important conclusions regarding earth changes may serve to give a fair 
conception nr the general scope and signifiemer of geology. For untold 
millions of years nick* m and near the surface of thri earth have been 
crumbling under the weather: streams have been tawing iiwrHaiith 
imn the lamb; the scsi hus been eating rmn continental masses; the winds 
have been sculpturing Jrsrrt landsj and, more locally and intermittent!), 
glaciers have plowed through mu un Lain valleys and even vast sheets of 
ke have spread over considerable portions of contitieifr- Hie outer 
shell (uncalled 'VrirtO uf The earth has dymvn marked instability 
throughout geologic rime- Khyw upward and downward movement* <jf 
the lands relative to sea level have hi-cn very common, in many cases 
Amounting to thousands oi icet. Various pans of the earth have been, 
and uit bring, affected Lu sudden movements l rewriting in earthquakes) 
almig iriLium; in eSi^ outer amU During the wits of geological time, 
vast quatitities of nm lieu materials have, at intervals, brai forced not 
only info the rurth’* crust, but also often nut Upon the surface. Mi nut- 
tain ranges have been brought forth nod t of down, and sorm-rime* sc}ii- 
vcimcd. Sea waters have spread over many parts nf what are now 
continental urea*- There have been repeated aihames ami retreats- of 
the mis. liver many districts. I^ikes have come and gone, I * f,ml- and 
animals have inhabited the earth for mniiv million:. ot years, In rarlicr 
known geological time the organism were comparatively simple anil low 
in the scale ot organisation. Through thr succeeding ages higher and 
more complex types were gradually evolved until the highly organized 
forma uf the present time, including human beings, were produced* 

Geological Timh 

The great impoiranct of the rime clement in the study of geology 
can lint be too strongly impressed upon the reader. Thr length of time 
of known human history is, indeed, very short as compared to that of 
known gcalogical time. The one h m be tiieajiunl h) thoubamls uf 
>rar>, and the other hy lens, or |H**th]y hundreds, of millions nf years. 
To die geologist * lapse of hmufrtds <>! thousands ol years i» a "shart" 
time* "The Ho wing landscapes of geologic time may be likened to a 
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kinttoscopio panorama, The serno transform from age. 1 to .i^r; was 
iind plains and mountains of diffwnt types fdllcmr and replace each other 
1 1 1r oi i jj: 1 1 tiror, the traveler sees them succeed each other in -space. At 
finirt. the drama hastrii^, and tirmstial rapidity of geologic action has* 
in fad, marked thow epochs since man ha* been 4 spectator upon the 
earth, i f Jeolngical i seizure demonstrate* that nunuiiam* arr tTaiiftitcry 
forms, hut the eye uf man through all his lifetime see* no f important) 
change. and his reason is appalled ac the conception of a duration so 
vast tiiat the miilcntmnirt* of human history have Hot accomplished the 
shifting of i-vm one of the flying 'icivs which blend into the moving 
picture" I j* HirTrll)* 

Tile known history of the earth has been nmre or kss dduiitcly 
divided into p?at eras, and these in Turn into periods and epochs. In 
the acqompanytne table, the era and penod [mines, except those rtpre- 
Btnting tile earlier tims, arc mostly world-wide in their usage. I poch 
name, afr too nuftirtinu, and usually too lucal in Application* to be 
mckukd in the table tor nur general nst- in rhiis hook. 


TABLE OF MAIN GEQLOfilCAL DIVISIONS 
Era aid $r*uf- Pfrhit end iyi teitf 

f Qgittftfiiary 
] T« rffrry 


CeS'o^o[u 


I C^BWfHll 
juTl-vdc 
Triaflik 

■ F*-Tinian 

Pen um!i -ii l inn \ T'ppvr Citingft? rom] 
Mj&skuppiafl ( hm'i Cirbrmiu-miiv) 
\ 3 ,s t.jLditciic Btywbft 

Silurian 
Orrioif ieian 
CatuHrlmu 

| KftHtni^An 
PKOTEltO^asc , MLtmnmn 


UrANCKES OF GEUl.OGlCAt. SCIENCE 

Mintraiuyy Is the: study of mi fu nis which nre natural. honwgcnmujs 
f.ithtra nrwi of drHuite (chemical! composition. With the cttwptien ttf 
,i relatively very slight amount nf argil lie nuteri.iL minerals constitute 
the whole lithosphere as hu & it i* known. 
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Prtrttltogy is tbt study of rocks, which are more or Iess extensive 
cu rum units {nr formation*) nf ihr rttilfi crust, 2nd which art neatly 
always nrndr op of msjttures of mincriLU, or mure rani* , of massr* ol 
Single iiLiner ilSv 

Dynamical ftvfa#}' :s the study ot ihr agencies iwui processes whereby 



the outer pariiari of the earth b;u been, and is being, modified. Impor¬ 
tant dynamical agents are weather, wind, running water, the ars, glacier*, 
igneous actions, arid esrth-crusi movements. 

Phyfiv$rtiphy\ sometimes called pw&mphy. deals with the 

topography of the earth's surface and the manner of its origin, ft i* 
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closely related to dynamic*] geology because ii involve a consideration 
ot the same modify mg force*- 

Sirutiumt i* the Study of the arrangeiBem or architecture 

of the material* of the earth. Ill a real cense it include* a stud) of the 
materials themselves especially (tie rocks and *0 it may he regarded a j 
including petrology, and [mlibty mineralogy. 

Ptitrtrttolow deals with the plant ami animal life of the geological 
sps as shown by the fossil fr mriria of organisms found in the rocks. 

Strajiprftphy deals with tlie arrangement and succtaston nf the strata 
of the earth. 

P(tir&&wpraphy is the- study nf the geographic condition* of the earth 
during lortnei i geologic} especially with the relations of lands and 
seas. Paleontology, stratigraphy and palwgeograpHy are really subdivi¬ 
sion* nt hit farm; I yry/e^y, which, a> dread* defined. deals with the suc¬ 
cessive events of earth History, including the history of organ isms. 

Economk pwltiM i> the practical application of geology to the arts 
and indunrin. It deda with gculoprai products of value to mankind, 
such as coal* petroleum, ores or the u vials, building smites. salt, gypsum, 
etc. 


CHAPTER II 


INSTABILITY OF THE EARTH'S CRUST 

DlASTOOtftttM 

Meaning of Diustrophism. The outer shell of rhe tsrth umrablf. 
Overwhelming evidence establishes the fact that ir has been fiir many 
11 h[ 1 iDiis of years. To the grologtfi the old notion or a frrrvr /j™« is 
outworn. The inhabitants of an earthquake country could never have 
urigUWtnl rise idea til in niishakahle, immovable earth Earth-cmst 
movement* may vary ffrrni tho*e which are >!m m be impercep¬ 
tible rti those which are quick and violent. They may he upward, or 
downward, or sidewise. They may affect only small, local areas, or 
they may involve a large purl ion 01 ci ther a conti ncni nr an ocean basin. 
The general term dwlrfyphbm covers all actual movements of the 
earrh'v crust of whatever kind nr degree. 

It is very important that the vmdent should, early in ha of 

geology, he convinced of the fact that crUttd dbuirham'n. {often pt^ 
found ones) actually do take place, because this is one of the most funda¬ 
mental tenets of the science. Sudden movements are, in the popular 
mil id. more impressive and sijpufii ant than rbe slow movements because 
they are mure localized and evident, ami Frequent I v ac coin par lied by 
dcsthirtinn of life mid property, as well ru hv cibviuui, though minor, 
changes m topography. Crustal movement* which take place slowly and 
quietly are, however, often oi much greater significance m brrnging 
about pro fa li nd physical geography change, such as those which have 
affected the earth during its eons of recorded history. 

Tlierc are, in a general way. hvtp type* of duti trophism. In on? type, 
known .is tpnrugrnu thr re is either elevation or vuhidrme 

of ir large or small portion of iht rarth s crunt without notable comp res- 
sian <n crumpling (folding) ot the rocks, which Utter may nor fmve 
their former attitude changed, or they may become gently warped {up¬ 
ward or downward), or mm or less tilted* Fracturing and dislocation 
(faulting) of the rock masses often accompany such an rptircigcrifc 
mmemrnT which not uncmitmonty a fled a a considerable portion or a 
continent or sea tloor. In the other type, known as oro^t nit 
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a relatively long, narrow belt or mm or ihe earth's vro-4 h subjected 
to j force of compression, causing At rucks ( usual!} strati i to be nmre 
ur less crumpled I folded) and upraised mca a mountain range. Out 
pi n-ent. purpose is math in till atienhori lo tlir general EiatLirr or 
rprrn i^i-nic and lungernc enuttd dbtutbjmec*, both or which w of great 
geological importance. Their rij^ifemcr will be better understood 
arrer a study of succeeding pagr* or thb hj>ofc N particularly in Ouptcri 

VI and Xlll. 

Various geological agenda such as weathering. wind*; streams* 
glaciers, ami the sea, operate external! v upon the earth. their general 
tendency being to cut down (erode) the [ends aiuj earn their waste 
inn i rhe sea. Such agencies would, il not infer lend with, completely 
level the lands and destroy the continents in the course oi time. Ccsh 
logical rcuirdi Has ttpd* ii certain that Midi external agrnric* have 
operated upon tin? earth for countless ages, and yet rhe continents have 
h) hn means been destroyed. This u because the uctentit agencies are 
now, and Have hern throughout recorded earth history, opposed hi, forces 
operating from Within the earth, that is, b dtaiiropbk forces. Through 
diasirophism, elevation and rr-crearinit or lands have &c least kept gen¬ 
era] pace with the external forces of destruction; ocean basins have sunk 
relative to continental areas, causing frequent whhdrawil* of sea water 
from areas irmporarilj submerged; and frcrtwmlous volumes of ntahen 
materials have been forced not Only into the earth* mist, hut also out 
upon its surface. Through lowering oi land jfvlis diaatmphism has, in 
many cases, helped to destroy them as *uch 3 but on ihr average, iliastro¬ 
phic forces which upbuild fund* ( relative to ^ level) have pred-mi^ 
nateil over forces which have lowered them. 

Datum Surface, In land sunning the Jatutn fe the point, or 
horizontal line, or surface from which heights or altitudes oi point* or 
places are measured or reckoned* I he groin gist, for his itrniv rhe 
amount and race oi upward and downward nHivcmrnt* of the earth's 
crust, must have sonic point. line, nr surface as a datum* The 
surface is in general the most satis factory datum, for it main tains an 
average tidal level ( within narrow limits) throughout its vast cvtenr 
At the bottom of each topographic map published by the United Stairs 
f redogicaI Survey thin is a statement that '‘datum is the mean veil 

l rVr Y 1 which means that ill elevations recorded on the map arr reck.. . 

frutn the average tidal level ol the sea. it should nnt, hnwcvrr, be 
assumed that the sea level W always has been, fixes! and constant. 
Not only is it a somewhat warped or irregular surface at any given 
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time, but also it may rise or tail very appreciably. The rtconls of cm til 
history reveal the fact that many change of level between land ami 
sea have taken place. A muni; the minor changes ( f lS often inipo&aihlc 
id tell whether it wan *ra levrl or land, or both at the >awc time, which 
rose or fell In such case* thcrtfoir, terms like uplift; am! sufetitlrnci:, 
or elevation and depression, as applied to lands are common! v ured. by 
pcolofftsra m a relative sense only. 

Evidences of Elevation of Land. Only a very few of the thou¬ 
sand* of definitely known cas^of change *A level between Laid an.I sea 



hr., i, Pan <?f thr ihnrc Phenrhiinumrir Bin. Alaska, wUch wan suddenly 
upljftnE 47 Eftf riir dir firm »f thr- jpmi c^fih^uaki- m aftr/.. i Alfrr i'.n: dUtt 
Manin, [.. $_ Oculuincul Surttf T { 


will here be brittle described, The example? are dui^rn n> illustrate 
the more common principles ilivulv< J. Some of tile**- movements fiavt 
taken place within the I am few years or dearly recorded human 

history* white others are much older, being records of the geological pasr. 

There are many authentic instances of moderate uplift n* the land 
which have come under thr obscrv urion of man, A sudden dimi rnplrie 
movement, resulting in a terrific earthquake, caused uplift of 3 part of 
the coast of Alatkii near Yakuttt !hty to a maximum of 4; icct in 
1899 (Fig. aK 

Direct measurements by observing marks alone the Baltic shore tiavc 
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proved that mo*! uf Sweden (rxctpimj; iii murium portion) ha* risen 
to n maximum of sevrn fctt m thr rtnrfli during the la&t *75 

Old dock.’ on chr Island of Crete in tile Mediterrawan have 
then as much as 27 feet within the la*t 2000 tears. 

Several rock Jedgr* which wot U r or a little below?, *ra level him- 
dmfc nt yean ago in the \U\ut Sra are now dfointf bland* well above 
the sea surface. 


About |{«i years aj^o a portion of the coast of Chile ro#e abruptly 
several I'rtt, causing a severe earthquake. 



Pi a 3. Pnrr of n grrai rtreftdr upHftnl marine (erfira faring ibe it mi 
dlliruilc fif .tffciul feet, L iu UMiri ;i* till lllf tfirace, Two higher Ictract? 
in prcfiie in ih< dtajan., San Pkiilnp Kills, near Lm Angles, CiEifumit. 


Evidence from old elevated shore features. including so-called 
“rased beaches, " is very importiiU. Thus, a succession of terraces cut 
by the waves ot the Pacific Ocean are plainly preserved on the western 
face ot the San Pedro Hills near Lw Angeles, California. The highest 
and oldest ot these terraces is over Toco feet above the sea, white the 
lowest, L'jnniuinU many sea shells, is about no feet abovr tide, A 
smncwhnt similar suecesaion (ii terraces occurs mi Sad Clemente Island, 
about 50 to lx* miles off the southern California coast (Fig. 5). Wave- 
cut terraces with remnants at rock not removed by the waves, occur 
well above sea level as illustrated by Figure 4. Sea caves formed by 
wave action arc also above «a level in many places. In Scotland sutfi 
caves lie fully in* fret above tide water. Raised beaches and shore 
form* in well-preserved condition up to hundreds oi feet above sea level 
arc common in many ..flici parts of the world, a* for example Standi- 
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navE.ni, Labrador wi-jf cnrat f>r South America, ami fht West 
M-Tny or tlw.se raised beaches arc norabty warped or tilted* thus proving 
that actual earth-crust movements have taken place, and not merely a 
lowering ui sea level. A good illustration of this principle is Jutind til 
the valley oi Lake Champlain where murine deport*, formed umiir the 
Sec A|tr, now lie hundreds oi itrt fttawe the preterit hiLr level, thrir 
altitude me re ad ns northward at the rate of more than two feet per milr- 


Remsim (fossils i at marine organisms at various alntmics up to 
many thousands of icet afford very strong evidence of uplift of hud 



K^. 4- Elevated mnrihr termer wirh rrmnmti n f mrk v&kh were mu rut aivaT 
hv thrurtaa i%av»^_ Xrnr Pun £311 Lima, Callfj.mta. (After U, \V. Su>** + 
l . Sr, G^lttgial S^nrty, J 


relative to «ji le'r!. There are almost countless numbers of examples. 
Thus, in ihe Hock; Mountains of the western United Sitto «ut Canada, 
sea shells occur in many place* at altitudes uf from one to ovw two 
miles. The same is true iti many other mountain ranges. In Tibet ami 
northern India i Himalayas) fossil marine Organisms hair hem found 
!*t altiruda oi from thief m tour miles. In many of these cases the 
marine fossils are in highly distorted (folded) strata of geologically 
recent age. furthermore, straw of the same geological age Jj e at all 
sorts of altitudes in different parts of the world. Fur these reasons, and 
in tin* light uf whnr \t‘r have already learnnl regarding the in Im-l 
v! .1 datum, it is evident that such L'rrjf, often differential, changes of 
level mii*r be diwtrupliic Hither liun .imply effects uf lo we ling oi the 
sea surface. 
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Well in the interior of continents. differential earth-crust movements 
arr also known to have taken place. Thus high-level beadtr* <ti the 
vast ancestor ui Great Salt |.;ilte have hern warped norabh. Certain 
beach lines of anersturs or the Great Lain hnve been tilted out of rhm 
original horizontal iwfcittaiu to the extent of Jnmdreds of f«t, since the 
ice Age. 

Evidences of Subsidence. In certain parts of Crete old docks have 
{as already stated) been raised as much m 2 } feet above water, while 


FiC, ?. An atrinl >ifvi «i| ifir of ittr HuHn™ Hivrf In w4* a fhi\q*ErfTl N- i* 

York. BrcuiK a| --reeffit pisiLlu^ - .1 rhi n-gi. eUIl- wtfti incii- 

pirt the mJley, (Fdichiid Atria! Smvcvvj 

in other portions of die same island remain* of siniibr structures are 
btloiv Aea IrtcL thu* proving dificftlttidl inj*tal tuovcmetit* 

Portions of I hr coast nf Greenland have recently, a* pmved by 
the fact that certain human strut turn are f lit-rr below tide water. 

Submerged forests prove recent sinking of land in many parts of 

thr world, excellent examples being around the coast of England espe¬ 

cially in Cheshire and Lancashire, and on the shores of ibc English and 
ftiiatnl Channels, where numerous ituinp? of tree are well below tide¬ 
water level. 
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A good sample of r&pid movement of porrions of a region in oppo¬ 
site directions ar rhr same time in the V'ukiiraT Bay n-gian of ton them 
Alaska in iftgf where parr of the court suddenly rose as irtiidl a* 47 
feci, while another portion sank below tide level < Vlg. a). 

Submerged valley afford very strong evidence of subsidence, nrtcn 
to the extent of many hundred* of leer. A fine example of such a 
"drown rd river valley" is the Hudson Valley in" New York. Regional 
subsi deiiCt* iti the extent of hundreds of sect (ute allowed tide water ro 
enter tins river-cut valley for 151* miles (Fig- O- Since the Ice Age 
there lists been a partial re-clcvAtion of this subsided rc-giem, Flir Hudson 
Valley es also very clearly traceable by soundings across thr floor of the 
sea for iou miles east of New York City (Fig. 6). proving that the 
earth's crust has their sub^idc.J fully luuu feet dtirt rhe -alh-y wa* 
carved Em! (emlrd 1 bj dir river- Notable sinking of the land abo Has 
caused a flooding of the lower Sr* Lawrence Valley by ride water. San 
Francisco Baj was formed by grologically recent sinking of a portion of 
the Coast Range region r the Golden Gate mar king the submerged chan¬ 
nel oi the combined Sacramento and San Joaquin Rivers. 

In the study of ex¬ 
amples of euitlvcrust 
movements, it should be 
dearly understood that a 
single district may ifo>fv 
plain records of both tfe- 
prrSAiojL anil elevation. In 
such a case upward or 
downward movement may 
be succeeded by mnvcmciii 
in tile opposite direction* 

This principle is finely il¬ 
lustrated by the coast of 
Maine where the whs Jr 
region $ank hurtdmls of 
f«r| in rrerm geological 
time, allowing ride: water 
to Hood rhe mouth? and 



Fltt. Maf* thawing the wlhttirrexd dbvrmrl nf 

llir EJ ijilvill Ri\ I t. FigUff* ihurt dr^lEs r«f 

n ilTCf in lEulwrm llij the aulfer 4 dsui fmin 
t Mini .iinE trtikitclie SqtYryh} 


lower valleys of all the rivers, thus giving rise to the deeply indented 
shoreline. A partial rr -rlc variriti (of nxs tu nearly & •« for-H lt.i* talun 
place zs proved by the clay rlrptoit* with marine sheik along the tust, 
anil for miles up the valleys* 
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Cause of Biastrophism. The hue •** dustraphisns is thoroughly 
cstsbfisbcd. Thrrr is rather general agreement among geologists as to 
the proximate quu aj d 3:1st tophi sin, bui nor in regard to The ultimate 
cause, The prowmatr l .iijsc appears to be unequal contraction, or shrink¬ 
age. uf the earth. There i* much evidence that the c;irrh r or at least its 
miter (.shell) ixinifln» is heterogeneous, ami thas it has been shrinking 
fur many millions of years. The hei that strata which. at various limes 
and places, accumulated under water layer upon lay«\ in horizontal 
position, to thicknesses of many thousands of feet, have been highly 
crumpled and folded into mountain ranges I Figs. 199* aooj proves 
earth crust shmirmog, In (lie devd opine ni o i a typical mountain runce 
by tin* prm-c-o, the crustal shut !v run i_ s- coinmonh 5 n* j- ■ miles ur more, 
A general conception is thm. as the earth shrinks, if> outer shell or 
crustal portion is subjected ro stresses and strains which are relieved 
occasionally by crumpling of zones of relatively weak rocks, usually 
strata. In either cases lain! ureas may move upward or .townward with¬ 
out crumpling, and with nr without Tilting. If the earth is a shrinking 
body, its whole surface iPUit he unde i ps&jiig a genera] downward mme- 
mem toward the center. But, since the earth is a lietetogeuetius Exidy. 
not all portions move downwind 21 the same rate, and so the portions 
which move down less rapidly tend to stand nut in reluT giving the 
appt aram e of uplift, although their uciuul movement Is .dso downward. 

Vrewrd very hmadly, tlir earth may b* divided into lour segments 
—rwo oceanic 1 Atlantic and Pacific, and two rontiur-mal l Eurasia- 
Afiica niui rhe Americas}- tt has been proved hi, actual {gravity 
deterrpirmthni) flint the materials n( the oceanic segments are heavier 
than those ut the curirineiitjl segments. The oceanic segments are prob¬ 
ably moving toward the earth 1 # ceirter f^ter than the continental seg- 
irtcnh, At the tame time the great 1 sirtli-wgmcnc* are being more or 
divided or broken up into smaller masses, romp of which may be sub¬ 
jected to pressure in such manner as to Cairo 1 localired actual uplifts* 
as In the folding and uplift of many mountain nmgrs, 

Ir should he made dent, however, that the ultimate cause oi iitastro- 
[iliistn i^. in uur jirwnt state ul knowledge, iai Irum definitely bwn. 
That is, we do w«f surely know why the earth contracts, why it shrinks 
so unequally, nr jmt how the shrinkage pituliWci the various phenomena 
of djft&tropfii&m- 
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EaITHQU AKBi 

Causes of Earthquakes. Any sudden movement of □ portion of 
the earthy crust, due to a natural cause, winch produce* a shaking or 
trembling of I he ground k called 1 icrtkqimit. Thr >tudy nf earth- 
quake* is known a* seismology Tlte inipukv or &hnk which gives ri^e 

tu the [rmhlmg crrij*i- 
nates at a greater nr less 
depth below the earth's 
surface* Such shoeb are 
known to originate in va¬ 
rious ways* 

Studies during the last 
fifty years have made it 
plain that the principal 
cause uf earthquake tW-ks 
ts the sudden slipping: if - 
pnrtiortfl of the earths 
crust past each other along 
fractures, known 31 faults. 
The sudden shifting fur- 
nisiics the EnapLLl?^ which 
senile nut thr i shnitinris or 
waves into the surround¬ 
ing porrirais of the earth. 
The first great movement 
Is ij Ana Ik followed, for 
days, or even months. bv 
a *urcrs=innoi after-dujck* 
which generally dem-nse 
in number and intensity, 
though ocranonulh one or more of the earlier aker-sbocb may be very 
■severe. Much evidence has been presented tecently to support thr view 
that the fracturing 1 UmltingT of the rocb is the r^uli of elastic Attains 
which accumulate by driw shifting of tleightorii^ portions of the earth s 
crust iti opposite d 1 reef inns until the rocks can no longer withstand the 
strains .ind shir the only appreciably sudden mass movements* at the 
time tvt the earthquake, ttfces place on we or both sides of the fracture, 
and within relatively few miles Of it, Such in earthquake mm be 
regarded as simply a sudden manifestation of slower dwtrophk move- 



Fir* 7. Mhi* Hinging i he r race of ibc ftreai 
hnib, Hidden iHppjftg alni'ijc which ratiteil the 
fj)[]f«rnli tnrtfaijutike of igaA. lAmt U S. 
Geological Sun eir.) 
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mrrn. In rartbqmdr ni t?ii j kind just rxpLiuird thr main uf 

shock, and, therefore, of destrucrinn, is linear because the vibrAtium 
originate in the line ns fracture* A very severe earthquake may he 
Caused by j Sudden dipping oJ ten to forty feet along a Line o! fracture 
fifty 10 several hundred miles long* 

Ann the r, though much lets impuriam, cause of earth qua tea i> vol¬ 
canic sntiviry* A violent nr explnrivc enipfitui often eatwet the earth in 
its vicinity to quake, tLirthquiikn* riot imcttnnflunly precede volcanic 
eruption*, In still other cases shocks often occur unaccompanied by 
eruptions in irgifiTijc If is generally believed that such eartfi- 

qunkrs Atr c.tujirtl by aml den, Mihirri annul yielding ui the earths crust 
under the iiirtueiicr either nif ine owing pi-iisure of volcanic gjisr^ or of 
jhiiTing prtfitiona of molten mdts imprisoned within tht earth end strng- 
gliiif* to escape, Earthquake* of volcanic origin nre t as a rule, mudh less 
severe and mure limited in extent than those canased by fracturing of 
the earth's enwr. In volcanic earthquake* flu- impulse or sheet n cen¬ 
tralized. rather tliaift linrat at in the fracture type iri earthquake, and *0 
the vih rat fore radiate from the center at disturbance into the surrtffcind- 
1 tig region* 

14 Very often earthquakes and volcanoes are .issoriAtrd both rir space 
and time. Bui the ordinary earthquake is not the effect of volcanic 
action. Bmfi qiuifcc end volcano lire effects of a commati cause, the 
Hidden fracture uf a m,lined cnat. I11 tM14 ™uthmi Japan was 
shaken, nearly simultaneous!*. at two points. From them pianic waves 
spread our, 1 hese shocks were caused by breaking of rhe trust, Thr 
fracturing changed rhe pressure condition# of the lava underlying tht 
volcanic com? of Sakunjirrui. The cone, therefore, erupted violently. 
Here, thru, we have the special *atf of eruption and ihocLs. both devel¬ 
oped through displntmiem uf file solid crust. Both were due re a com¬ 
mon cause. 1 * t Daly,) 

A minor cause uf earthquakes k the force of impact of a ^cat Limb 
slide iir uvaliinchc when it strikes relatively flit land at the base oi a 
miMiiTt.tin, Submariiir alidt> also arc believed to be ;i wiife 01 earth- 
quikcs, as for example in Home parts uf the western coast of South 
America, 

Another cause 01 small shocks k tht sudden caving in or collapse 
of the tool of an underground opening 1 cavern}* 

The foiling tif n large block of ruck from a Hill or the cmt ot a 
waterfall often give^ rac tm a flight shodt This has happened at 
Niagara Falls. 


(6 


INSTABILITY OF THE EARTH'S CRUST 


Frequency, Du ration, and Extent of Shocks* Earthquakes an- 
excerdingl) common. It is prububly true that tli-d surface of the eai-ih 
ih at no given tinir entire!) free tmm earthquake vihraimiu, Enrih- 
quake recording stations in many para of the world hear mit thiv 
statement. Pull} 30.000 earthquakes recognizable by the .senses irfcur 
rich year. A great many of these shock* are of course very flight. 
Only occasionally are the shack* very severe. Earthquakes which cause 
Corn fdrrahlr loss of life ami property occur, oti the average, perhaps 
not more than once or twice a year. Earthquakes of varying degree* or 
intensity have been recorded in Japan at thr rate of several per day, 

and in California at rhe rate of 
several per month, for many years, 
hut most of them have been of very 
Imt inttmity. 

In New England, which h a 
region generally regarded as ex¬ 
empt from earthquakes, hundreds 
of shocks have been recorded 
within die last joo year*. Prob¬ 
ably all but one (eastern New 
England, 1755) of these have been 
slight shocks which have caused 
little or m destruction. Distinct 
shock* occurred in nil 5 and tuiq. 

The vibrations of earthquake 
shocks which are sensible to human 
beings last from a few seconds to 
several minutes. In general, the 
greater die intensity of the shock, 
the longer it htr* r The average 
dural ion of shr^ks of ^niiiiltnblc 
intensity is perhaps from one to 
two minutes. 

Earthquakes shocks of sufficient intensity to be notied by man van 1 
great!) 1 in regard to the of the region ihnmghmir which they may 
be felt- They may be Me over areas no larger than villages, or over 
considerable portion* of comment*. The violent California earthquake 
of iqofc was felt over an area of several hundred thousand square miles. 
The Charleston. South Carolina, earthquake of i88rj was actually felt 
by people over an area of 2 fioi %000 square miles, and in states a* far 



Fin. I, Map nf S'nrtli America iluiw- 
ins itftai *cna[h1v utfrrtfil h\ uunr 
gnfaT cxrrhqu^lcfi- {from Tnrr and 
Martin"* '"PhviiiiigvaphyJ' hj permi*- 
ikv of I lie MaoriUm Compmiy.) 
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away as Wiscnmirt and thrise of southern New England (Fig. 8)* 
Sevrre earthquake*. like r!io*c jusr rocntimpni, actually shake the whole 
rarth. though nnt enough to be generally recognizable b> the scows, 
ju proved delicate reemdiitg iitsirtiinciiis in many parts of ibr world. 

Nature of Earthquake Waves An d Vibrations* In our tu-nridera- 
linn of rarrhqisakfs 4 the trader should dearly understand that the earthy 
instead of bring An excessively rigid body, is h a& a mutter of fact, more 
or las* etas tic. A Sudden impulse, therefore. sets a portion of the earth 
in vibratory for earthquake) motion in somewhat the saute manner that 
a large mass of jelly is set in vibration by a sharp tap on its containing 
vessel* Thr vibrations nr tremblings travel nut in wavelifcc form irsio 
the earth in .ill directions from the source of the shock. Earthquake 
waves travel ordinarily at the rate of about two to rhree nulcs per 
Second* 

When, as a result of a Hidden shock, vibration# an- up in ihe 
earth, as in nny solid, they lake the form of wave* within the earth 
which are of two irapurfant kinds, namely, i tutors comfr/i sivtt -irid 
I i/rntt of diifnrtirjiu In the comprtssional (or loitgifudiiial) waves, the 
panicle* move (vibrate) backward and forward in the direction along 
which they are transmitted' In the dtstortioiiol (or transverse) waves, 
the pnrnYle* mtivr (vibrate -1 in a diretiion across the path oi the wave 
transmission. On reaching the surface of the earth the tramveisf 
waves caiiie the rocking motion of the earthquake. Another kind of 
wave travel! along the inrfnc^ acid near surface, portion ol the earth. 
The evart nature of this wave h mt known, but ill a great earthquake 
it throws thr ground into a wrm of actual undulations, somewhat like 
waves of water* winch may he observed to rise in lung, low. very swiftly 
moving waves, causing trees or tall structures to sway violently* Ihr 
mm\ shock is by some believed to be due in the joint action of trans¬ 
verse and surface wave*. At distant pciinrs on the earth the kinds of 
earthquake waves are more nr less separately recorded by a delicate 
instrument called a sdsttv.igraph, as mentioned Wider thr next heading. 
The actual amount of movement of a particle of earth during the passage 
of on earthquake wave, even thr surface wave, generally is to be mea¬ 
sured onh by inches or fractions of an inch. The amount of bodily 
slipping or slutting of the earth’s crust along ami near the line of an 
earthquake fracture (nr fault) cornmunly range* up u* 20 feet 01 more. 

Sei sinograph ic Records, Instruments of great precision ami deli¬ 
cacy. called jriintOiJrtfjpAjf, have bren constructed for the purpose uF 
recording earthquake shocks. The lundatntntal principles involved are 
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simple, hm in actual construction .i good seismograph is a 
inadiinr* a description oi which will nor here he attempted- A sdsmo- 
graphic record is called a srhmQpram. 

Effects of Shocks. KirtliqLLzLkcs arc generally closed among die 
nwni terrifying if all natural plrenomerca because of die awful ]'tfs of 
lire uEicI property- which some rimes results irons [Jinn. I ;irthquiike» 
also cm esc certain changes in the earth's surface* In this corniecrion if 
is important to keep m mind cause arid effect of earth quakes. I hus 
the su'Tuul su ill lei i sli if ring of portions of the earth's crust along rirher 
side or ihe Line of fracture (fault) r which is often accumpauied either 
by the development of a fissure or a steep declivity along the line of 
fraenux 1 Fig. “j), is the cause rather thun an effect of an earthquake. 
Numerous change* sr^ however, direct effects of shocks, even at con¬ 
siderable distances from the seats oi disturbance. Thus, the vibrations 
o Eteri cause lands lid ns + Especially in £Eoijntainuu& regions.. Cracks and 
fmurts, and Joed nni all elevations and dcprenirms of the Jund, of ran 
occur, and iliri may affect surface drainage* The dtsiurbancr of the 
earth's crust may cause old springs to stop flowing, nr new springs to 
develop* An extraordinary subsidence occurred during the Indian earth- 
quakes oi J H r0 whim a tract oi land covering some 2000 square miles 
m-nr *ea level actually sank a little below sea level. If ver> rarely 
happens* however, ihat rvrn a grcai earthquake produce* nuife than very 
minor topographic effects- 

Submarine Earthquakes and Tsunamis. Many earthquakes are 
known co take place under the ocean, mostly within the bdts below 
described, hut obviously out knowledge concerning them is ionic meager 
than if is concerning earthquake* on kind, Submarine dlsturbsmcci are 
felt on shipboard. and OCeftn cables are tom* rime* broken by tlicm. 
Among ^cry recent srvtre submarine earthquakes, mention may be 
made of one which took place on the sea floor off the coast of Chile 
in the fall of m22. sending a series ui great sea waves upon the land. 
Another occurred somewhere under the south Pacific Ocean, sending 
water wave* urwirt the diures ui Hawaii* Such tea waves* known as 
iturtiimh, ate ou-icj by rhr sudden movements oi portions of the sta 
bottom. They iire often miscalled "tidal waves/ 1 

Tsunamis may he from rm to 2110 miles from crest to credL and 
20 to 411 iect high, where they originate. They travel with u speed of 
hundreds oi miles per hour, hut hi the open sea tlicv aie scared 1 notice- 
ah|r bcL'ausr thri are w- broad and relatively low. Tidal gunge treord* 
show that certain tom amis from Japan ha>e crossed the Pacific Ocean, 
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with height diminished m less ikm a foot* in abnut 12 hrnir?. I i ft 
firlif fruuami starts r^tSdnahh near j. cnaJE it will pilr up in pdi>mg 

iiilil ihalhiiv wJiirr, mtd ir may sw«p upwi (he Irnid in cJie farm 4 

huge sMTgc nr hrcikrf from tu h -1 feet liiyfi- Such m GtfthqtiiAr 
sea-wivc swept over part of rhr cih nf Lrsbmi, Pomigai in 171S with 
destructive violence, ftixl anorher in Chile ( rShS) carried 31 United States 
war vrs5e] half a mile in la rub anJ tell it fttrandcsl 

Distributicm ot Earthquake*. Although carthquakis .ire very 
widely difitrihnteih thiir nn part nf the earth be immune 

from at least slighr trrm- 
curs, nevertheless most of 
them by far occur within 
ftyn great rather crude]} 

1 trfined belts m /uitrs, as 
shown by Figures *1 ami 
lo a One nf these belts 
jiliiunF encircled the gr*at 
Pacific Ocean, and the 
other extrnrft Its A neatly 
cast west directing aruuml 
chc earth through south¬ 
ern Asi.u the Meditcrri%- 
ruean district, the Azores, 
the West indies, Central 
Amerieft, ihr Hawaiian 
amt the hast In¬ 
dies, In a study nf T 7 'V 
ux> earthquakes Mon Ces¬ 
sna dr Ballore found that 
nrarljr 95 per cent ni them occurred within these two belts. It n an 
ill i uni netting fart not onU that the great majority ot active and recently 
active volcanoes, hut aUc that moat of tit,- youngest mountains ot the 
world art located within the two great earthquake bolts. In tact it 
seem* rather clear that both carthquukes am! active volcanoes are only 
surface, or neat-surface, manifestation* nf the gif at diastrnpltie force* 
which, at the present time, are operating rfrirfiy within these two belts, 
but in the present state of our knowledge we cannot say why these 
great forces are there so active. A study of the ancient records ot the 
earth (historical geology ) *W* that dtartrtrphism Ims by no means 
always been especially vigorous within these Wo bflrt- 



Fir* q. Map *1 thf Mltem bfflihpbcrc ibuwin^ 
Ij JP - jjfliiL'ipal tr3-r(hqu3li-t rngtatEk, lAllel Mt 
dr Railing) 
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fir r>f the Iratern lieamphcTt sfrm- 
prindpaJ earthquake regicift*. I After 
a! lore.) 


Energy of Earth¬ 
quakes. l~hc mcrRy rn- 
vohirJ rn the mure severe 
carthqit iifccs tsf fault-slip 
ornijj) the uniiK- 

i nation. Rr-tcl has esti¬ 
mated that the rlinj'y or 
the San Francisco eartti- 
qyakc nf i gob was suffi¬ 
cient to raise a cubic mile 
of rock 6oco ieet, or equal 
fn tuii« the 

miiMk rnergy of .1 jjrrnt 
cannon, Jtut this energy 
was far less than that of 
many other wdl-fcoowu 
earthquakes. Thus, ac¬ 
cording to Sfcbcrg* the 



Far. 11- H.srthrjujtes occur in ^anc regions much man frt^umrlr thnn in others; 
Ulii It would he 3 mjMafce lo luppo*..- fliai Ibi:y are ranhtiwij <0 _j few bcfllLrtrv 
Thr L niltd Muir* ^ 3 ivhoie i* eompa rail rely fret from earthquake^ yrt, 21 
Ihf map ihfiwx ibnt h m section nf the cmmtrj? That Im nm al mud# dmc 
raperirn«rd (hrir etffCE. (Fimni Bulimia of the SriHiaolugiizal SocIr<> of 
America.) 
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energy ot rh t Japan*** earthquake of 1891 wu* about eleven times a* 
great hr thar of San Francisco, igo6- Others were srrtl greater m r gy\ 

Someone has ettmuttil that the energy of the Sun Francisco earth¬ 
quake w-i* enougEi to run a battleship constantly at f ljJI speed Jihrad for 
454*** years, while that of the laing Reach* California, earthquake In 
I'.ijJ was only omi^ont-ffcatwinilili ah >tron^ 

Earthquakes and Building 
Construction* Buildings, par¬ 
ticularly in regions known to he 
subject tu earthquake, shuuld he 
built with earthquake hazard in 
mind* It is pmhahlj more 
feasible to construct bus Id in g* m 
withstand successfully all but 
rarely tier ur ring very severe 
earthquakes titan it K Pi huiM 
them Against cyclones ur hurri¬ 
canes. Studies of eurthquake 
effect upon buildings have made 
certain lesson* very plain. 

We If built wood era build¬ 
ings hceundy anchored to garni 
muindatifiiis, arr excellent earlb- 
quake roisters and very few 
people arc ever killed in such 
building 

Masonry buildings, a* often 
constructed* safe easily damaged 
or wrecked (Fig* rjh On the 
basis of personal observations after both rhe Santa Barbara anil l*ing 
[teach earthquakes in California, the author is convinced that by far 
most of the damage to buildings involved those of ordinary masonry 
vammicrion. School bouses* theater** churches, anil other buildings with 
large rooms, and nf improper msLsunrv coitRlmcdari, are especially liable 
to damage or dm ml if ion. MasoTirj buildings wet! cunsmicted of good 
materials with Erpss^valls or enough strong partttums. a 3 ! purely tied 
together* are good earthquake masters. Masonry in the auditorium 
type of budding should be reinforced or tied by steel. 

Shrcbframe building*. even skyscrapers wfthitind hard shocks sur¬ 
prisingly well (Fin;, 12 )~ Reinforced ccuicnete also Hands well- 
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RiuMinp no madcr gmmid or IcK35r alluvium arc much mure liable 
to tbin^ge thm ch^c on wlkl ground ur bed nick. 

In all ca*ca careful ^ncmuuiJ sliould he given tu iVuiHdritHtn* and 


Fig. 13, rtf j:j impmpttly ujiutrucnd mutmity building during tb* 

Lm g Beach, California, urtbijuako hi 1^33. 



Fig* i-i- building* wrecked Uy ibe Charfewuru Suuih CamUna, canb<|UJiif of 
lifter Filling Si OeuI^ioI Suivcy*} 


flic- ticJrtc of buildings m rminttabm in such munirt That they tan 
wiilamml a hnrittnnlal at [east une-irnth ,i> preac as the weight 

ul the building. 
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Typical Examples of Great Earth quakes, Ch&rtesUrn M S$uth 
tmarotirv*! in 188&. \ violent rarrhq 11 akr shewik Charleston, South t’nro- 

I'uhx and vicinity rn c HKf> + ,J A 'light tremor which retried the window* 
Wi is followed a irw vctind* later by a miry 4* of subterranean thunder* 
as the hum n shock parsed 
bein’atli the city* Houses 
swayed to and fro, ami 
them heaving floors nver- 
tumed furniture and 
thrrw pcfisoiijt oil thdr 
fret iLS r iW/.J* find n.iLi&r- 
ated* they rushed to the? 
dnan for safety* In fjn 
second* a Hum her of 
house* were completely 
\vt reke d „ 14• - ■ chimney? 
were toppled over, ami in 
all the uly scarcely .1 
building was kit without 

wn'uu* ini tin (Fia. 14 )+ 

In the vicinity of Charles¬ 
ton, railways were twisted 
and trains derailed* Fis¬ 
sures opened in the loose 
superficial deposits, 41 id in 

f\V, II- Norton)- 



FV„ 15 . Hw im on iht main fanti nrcejted fit 
tile thftf *>t lbs 1 Calitiorus t4 rlhqikaL e -a if t^i 
(Phrrfu by R s |_ Humphrey, U. S, Gco- 
JcgiOlt Survey„) 


places tipnuted water mingled with sand' 1 
It was tdt by people in pliers a> far sway as eastern 
Iowa. Boston, i, ubn and the Bermuda, lr tor caused by 4 rupture 
or the old rwb which undrrfir the lotisc Coastal Plain strata, 

tfiurrtrm Jhsths in iXQQ r A *cncs of very violent earthquakes shook 
the \akvtsr l$a) region 1 -I southern Alaska in iSij-h when one pan of 
the coast tow as much as 47 fed I Fig* 4), while .mother part sank a 
little below urn level "Vust qumitinei of snmv and 31:1 were aiabti.hrd 
from ihc mountains, and, as a result of this abrupt accession pf supply 
to the reservoirs or rhe glacier*, a wave oi advance was started which, 
during the succeeding years. >wrpT dcmn the glaciers and caused Mutable 
change and advance In the glacier tnd>‘ f iTarr and Martini A 
tsunami destroys] 1 forest along (lie voa&t. 

C&tifarmti tn r(ju6. The California earthquake of 1906 rants as 
tlir most violent shock recorded in the United States since the beginning 
of the twentieth century. The shock lasrexj about n minute. It caused 
* property damsegi* mainly in S.ui Ft mcrera. of several hundred million 
dollars, bur fummatrh the low id JJfr was not great. If was caused 
h A sudden horizontal movement of one part of the Coast Range 
Mountains 2 to Z2 fcH past the other .ilong 4 line uf fracture (fault 1 
for about 250 iiish^ I, Fig;. 7), Along the fracture, fences, water pipe?, 
housri, and mads Were dislocated t Fig. 15F and the ground was torn 
up. In Saji Francisco tht grcates 1 itjniugc by far me nrcomphshed by 
hre which siirrrd in vari^ui damaged htdbiing^ and quickly spread. 
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Siiiiy m In regard to both violence and loss of I iff, the 

Mr>-in;j, SecLI) , etfthqujikc of »J> ranks ns one nr the grc<ifr*t m fire 
tit human ht*luty + If hii- been r-itimited that between i 3> V ,1t> 
and 2 * o m * ■ |KHjplr loir their live's hi thi* frighflil cataslmphe which 
vv.15 i*ji l i>i*il hi die bidden rijppmg of rhe earthV trust along a fault 
fracture- 

Jap {in m 19J ?. On September i, radio messages startled 

the world with news of the frightful rarflupiiikc dkajm-r which over- 
rook thr re stun i including Tofcib and Y^faduuua in Jappji, Earthquake 
and fire destroynl a large acciimt of the great city 0/ TuLiV and Yuko- 



Fm 16, D I ammade rjvt-wrsrt rrm* s?Fl|frn r*f thr i-anh'i rnm hi the taritiide 
iif T&k Japan. {Afrti Refill.) 


haxrin wm altorvit completely ruined. According in Tarimi* report, abnur 
i?iM" people were killed, and lionet were wounded. About $On 3 opQ 
houses were destroyed* mosi tjJ tltcti 1 by lire. The earthquake tested 
hve minutes. It wits caused hy a sudden shirting of rhe earth's misr, 
said to have been hundreds nf tret. along a Inult in the bottom of 
Saga mi B»$\ Parts of the chines of the hay wm elevated 6 frrt 
According m Shepard much of the change in the configuration of the 
but mu 1 of the hay was due to submarine titling seaward of l.irgr 
masses of sott sediment* induced by the shock, rather than 10 the actual 
dislocation nj the earths crust. 

From 1 he mssin inland of J.^pun, which ri:rf* thousand* of feet above 
sea level, rhere is a rernarknbE) great ruid steep desceut within A abort 
distance- to very det'p ocean water (depth about 5 miles K This great, 
strep slope mark* a portion of thr earth s crust which is unusually Lick¬ 
ing in equilibrium* and hence subject to rapid earth-crust oummirrit*. 
Accompany tug big. ih a general idea of tlin conditions in this 
grr^r aune of unusual dtestropluc activity. 


















































CHAPTER III 


MATERIALS OF THE EARTH—MINERALS 1 

CtaritimuK asu SitixiFic.vvat ov Mtshlaka 

MivfeRAtS art, with uliglu receptions, rlit material? which 
rutc ilit- blown parts of the earth* Mineralogy b, tht-refonr. in % ray 
tcx J sense the most fundamental of chi; various brandies of the great 
science of geology because the events Of earth-hi story* as interpreted 
bv [he geologist, are recorded in the mineral matter Undudmg uu.*t 
rocbri of the earth, When tic i-Miuine ihe rocky mntciial or inuieiaJ 
matter gi the earth in any trgipm w?■ find font it cotwistf gf various 
kinds oi substance-*, each of which may hr rccogctEsred by certain char- 
actenstiirs. Each definite substance ' barring those of organic origin i 
called a mineral. Or. mort specifically, a inimW ts a homogeneous 
substance definite chemical compafkirimi trnind ready-made ell nature 
and not .1 product of life, ActnrdiftE to this definition, a mineral 
must be a natural, inorganic substance nf the same nature thrmigltont* 
and its aim position must He so definite that s! can hr ejfprcAcd by a 
chemical formula. 

All artificial substances, such as laboratory anti furnace products* 
arc excluded from the category of minerals because titty have taken no 
part in the history of tile earth* Coal is not a mineral both bccau.tr 
of Its variable tdffipofktietl ami its organic oripici- A lew example* of 
very tonimrtn substances which satisfy perfectly the definition of j min¬ 
eral arc quartz^ feldspar, ritiea t cnldtr, and magnetite. More them a 
thousand mineral specks are known. To these, and their varieties, 
several thousand nam e* have been given. Not more than forty or fifty 
oi t lie many minerals src r however, of great geological ini par tance h and 
of tlitoc only six or tight make up more tkut ninety per cent of the 
miter mr crustal purtkm of for earth* Only two minrraU—water and 
mercury—1ordinarily exist in liquid form. 

* Citruidcrahk portion* of dm rhspriT arr r.slai Vn prfmt5^i'fn from Chap- 
Mt XX ,4 the prmettl JKtjlW* Thf uf tfui Ji'dFfi, u-bk"b ^raii Vdumt j uf 
Popular ScicJice Library fhtbliibrJ by K F. CdUitf 5 f Son Ctunpiimr. 
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Chemical Make-up op M.ivekals 

lr is a surprising fart that of the ninety or iron- fhrmirat flrmrntfi 
that is, substances which cam Lot W eu hi Ei fitted into simpler ones, only 
eight make up more than nine tv-eight per cent of the weight of the 
rjtrrli s cm*l. It L* tmpcii^m w note, however, rh^f T with me very 
slight exception, 1 cone of the eight e\j*Fi* as sinfi in miiitr.il form. Thc<w 
tight elimtnrs an- oxygen (nearly fifty per cenr), rilicon (nvrr twenty- 
five per cent)! aluminum (over seven per cent)* iron (over five per 
owe), calcium (or "linns" )> magnesium tor “magimisT), sodium (or 
and potttgstum Eor "potash’ 1 }* Among other elements found 
in useful of commuti minerals arc carbon, hydrogen, sulphur* chludmx 
fluorine, pWphunifl, Kiri tun., copper, gold, lead, mercury „ platinum, 
silver, tin ami zinc, Sniiw ni the elements last named nm rctiiT w 
Kurh in nature, as for example, gold, copper, silver- carbon dn form ot 
graphite and dusnmud)* sulphur, and pbirmuiiL 

In most case? by far two or more of die chemical elements arc 
variously combined in such a manner f rhcnriEL'al k S m to lose their 
identities as sucEi. Thus the tu n uc ecus sub*fctm"** sodium and chlorine 
arc Cfiuihiord to form tlte betiefirntl 111 in era! called halite nr common 
salt (eompositicmi, diWidr or vfxliittn) . Oscyjsrti Jind silicon 1 a && 
and a solid \ may be- united to form the very hard, common mineral 
cad led quartz* (! composition oxide ni silicon L Three elements—cal¬ 
cium, carbon, and ox), gun—.ire united in die common mineral known 
asaddlr kutiiposidon* carbumte of lime). Four elmicnrs—pot:is*iuni* 
alum it nun. silicon, ami oxygen—are chemically combined in rbr 
ingh common mineral Lumen as urthodrac feldspar (cumpeoithm 
potassium .ilumimun silicate)* Some other minerals arc still more com* 
plicait'd in composition. 

GeOUMpICAI* lurtiftTAXCtf OF Ml.VERALS 

Curtain rock fqrtnations arc made up essentially of bur one mineral 
in the fctmi of numerous individual grains* as tor example pure lime¬ 
stone winch may consist wholly of cakke (carbonate of littir). or pure 
sandstone which may contain only grains of ipiurtz (oxide of silicon). 
Most of die ordinary rm‘k* are, however, mm le up of two fit more 
miner a!v uin hank.illy bound tmgrrlu r. Thus, in a specimen of granite 
nn tlir author* di'->L, Kvcto) distinct mineral specif are d^ringuishahle 
hy die miked eye. These mi nr nil groin* arc tmm me. to five ruillk- 
Fiurters across. Most common among them are hard, dear, gl jsi&j grains. 
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called quart?.; firarlv white* hard grant*. often with faces, called 

fi:Iilsijuaf; small, silvery while Hakes called mica; and small, h.mL black 
grairto, called magnetite. 

It L Hut busiurs* of ihi 1 nimrfdflgLt to Ie*m the character* nf each 
mineral, lunv they rm> be dmmguisljcd from each other, bgw they may 
he da ssi'tied, how they urr round in nature, how they onjiiuate* and 
ivh:iI economic value rhev may have. It is an importmii parr or the 
busing of the geologi&t to learn what individual minerals combine ro 
form rhr various kinds af racks (described in Chapter IV > „ lunv inch 
r<H ta originate. what change* they have umitifpiot, and whit gttilagwd 
h^torji thei record. It is thus clear that mineralogy k an tin port an! 
part of geology, which latter is essentially fhe science of nxLs, 

Crystal Forms of Minerals 


One nf rhe most remit rta;bfr fsis ts -ihmr mint rats is thin mo*! of 
them by far have a metalline structure, that £>. they Ate built up of 
definitely arranged tiny parti vie* known a> molecules. Crystal U or min- 



Fia_ tj r A gr*up nf tytmto etyatah- Cmrte** nf ifoc Aiurrirnn Mitstmn nf 

Natural fliimr).) 


ends are often more or less regular* solid forms bounded bv plane faces 
and sharp angles, inch form* being known as try stills (Fig, 17 \ r linn- 
Jo crystals develop >udi regularity of form? Any solid k considered 
to be made up 01 many very tiny U11 Ignite ro&aifdt-) molecules held 
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Far:. lS, Pifru of ihfit illustrating rht moknular *rni£ture of Ofv*ia]k (Afttl 
W'illiJock &ci¥ YgiL Si JEr Mu*ciilD.> 




Fr*. iq* CfittJtl for m* nf *onoc common mineral*- 4, amphlholr; ft, apatite; <7 
brrvl; 4 corundum; f, CAldlc; ft r i, fddtpar; fluoriir; i. /, j^JEMrt; 

^ p^ifm; n, hcmmirc: *? p nugnirilr; pyrite- 7, pyittSErnr; r, chdeop?- 

ftu, j, j, 4 |Emfit; ti, jufpliur; v. LuMrmaliur; f, [Alter New Yetk 

$TA!r MlLITUIUl) 


iS© 

li 
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tngcfhrr by =in attnumi* lYircr culled cohesion* In liquids the molecules 
may Jtinrr or less freely mil over each other, thus altering die shape 
of the mass without disrupting it. In gases the molecules arc con¬ 
sidered to be relatively long distances apart ami moving rapidly. Dur¬ 
ing the process of change of 4 substance Irom the condition nf a liquid 
or a gas to that of a *olirl, due to lowering of temperature or evapora¬ 
tion. the cohesive force pulls rhr particles (molecule) together into a 
rigid mas*., Under favorable 
conditions sucli a solid pos¬ 
sesses a regular polyhedral 
form* 

"Hie process of tiysfcaj- 
li/Atsiin has been clear I v ’-Mg- 
gestnl by Whitlock whasay^: 

"This rr'Lltr* irmn ibe fact 
that particles or rnolrrulrs of 
tile substance which/ white \l 
was liquid or gaseous, rolled 
about t*n one another, have 
Ixrll in Tfintm W7I\, arranged, 
giiJLipcdj and hintl up. To il- 
luftrztr thi^ suppose a quan- 
liry of small shot to be poured 
into a glass: the shot will 
represent the molecules a 
9 tmh-ijmi:c in a liquid -ifsiie, a** 
for example a mint[un uf alum. 

IL now, we suppose these 
same shot to be coated with 
varnish or glue so that they 
will adhere to cacti other, and imagine them grouped as shown in 
Figure i Ha, they will represent the arrangement nf the imdeculcs of the 
alum after it ha* breonu- solid ur crystallised. Tin* jirnuigmg, ginuping, 
and piling up of inn[cculcs b called amt the solid hirmrd 

in this wmy U called a *‘rjtfvL Fignrrs I f>b and ihV shmr the shot 
arranged to reproduce two common terms ot crystals ^r.g. fluorite and 
talrite)* pi 

Certain facts furnish all but absolute proof of regularity of arrange- 
mrnt os' panicles within crystal*. Among: These facts are the wonderful 
regularity [sywniftryr ) of faces upon crystals; the xcnia rLible property 



Ffcc, la F.irf erf i srrr<al of nlfilr ■ihrm- 
ifig thiTc «t( l-df vefiqicd then* j^ s- 
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ot most crystals to split (cleave] readily in certain directions i the 
grouping of cfysods according to characteristic effect* ot itic passage 
of light (thpedolli of polarized lights through them; and x-ray phuto- 
gmpki showing lystraaticaJ arrangcimsm of proiipf i>f particles within 
crystals. 

All crystals may he grouped into seven systems, each characterised 
by a certain type of arrangement or crystal races, angles, and edges 
about imaginary lines (ixa) which niu through riser venter of the 
crystal- Each system contains from two tu seven cl&frrs of $ymmcrry„ 
there being thirty-two in all, Each class nintaim «ven tutnlaiurnT^! 
oystot forms. Thus, two of the seven fund amenta I form* of rhe iJm-v 
to which garnet helnrigs are represented by Figures £ c>t and ($[. 
Figure IQ illustrate* perfect crystal forms of a number oj common and 
useful minerals. 


Physical Properti^ or Mikfkajls 

Cleavage, Many crystal* nml cmtalline substances exhibit ibe 
important properly knntinn as ftfmw&f, th.it is, a marked tendency to 
break or split esdly in terrain well-defined direct inns yielding more or 
tes* smooth siETljices. A cleavage surface is, as would be expected, 
always parallel to an actual, or at \?m .1 possible, crystal tior. because 
the splitling occurs along planet of weaker molecular od 3 e*mii. Tile 
degree m cleavjige vnrie* frmn perfect, m in imcit, to vrr> poor 

or nerne at aIL as in quarts. Iltr number or cleavage dirvchnns exhibited 
by common mineral?; is flht^f rated b> thr following; mica, nm m ; feldspar 
and amphdxdc, two; Oikite 1 Fig, 20) and gnlrnn* three; fluorite, four; 
and sphalerite* siv. !n the study of mm era I Specimens* care to] atten¬ 
tion ilioulil he given to cl ravage whenever it occurs, lor certain mineral* 
always show certain cleavage direction*. 

Hardness, An impomm criterion for the recognition nf minerals 
h k&rdrtffi. by which es meant the d egret of reshfanix which a smooth 
mineral surface offer* in abrasion or scratching Scarcely any two 
minrt ,ak are jiiif alike In hardness, but for practical purposes a genera I h 
adopted ale recognize* fm degrees ui 3uudu> -- .is follows; 

1. Soft* greasy f^el, and easily scratched by the finger nail (c,g* 

talc)* 

2 , Just scratched by the finger nail lt\g- gypsum). 


physical properties of minerals 


31 

3. Juki scratched by a copper coin (r.g- catdte). 

4, Easily ^'fatched by *i it Life, but nut scratch 

Ntiiiritr). 

5. Just scratches common glass, and 1* scratched by n knife (c.g* 

apatite h 

6. Nitf scratched by a knife and scratches common glass cassfy (t g- 

orthoditte feldspar), 

7, Modi harder than tied* jscritrdte bard glass easily ff-ft* 

quarts), 

8, n and rO. Harder than any ordinary substance* and represented 

in order by topaz, corundum, Sral diamond. 

Color. Minerals show a great variety of colors. Many 0! them, 
like pure quarts gypsum* halite, and cilcite, are ttriftrlci# or white. 
Manj or them, hie galena {fteel-grrt} 1 > * pyrite (brass-yellow J, aaurttr 
l htue>. malachite 1 green] 1 , magnetite t black j, ami cinnabar 4 red), 
possess these colors as inherent An racierwics which never fail. Still 
otficrs, like amethyst [purple J and sapphire ( blue) are colored by 
impurities 

Lustre. Lmir 11 is the appeirstnee of the surface of the mineral 
independent 01i the color. It hf often moit or characteristic fit a 
mineral such as metallic. glassy* resinous greasy, dulL brilliant, etc. 

Transparency. A mineral ls sard 10 be i ramp* rent when an object 
tan hr seen denrh through u; crandnemt when it transmit? light but an 
object cannot hr *rri through it' and opaque when it transmit no light. 

Streak, Certain of the coLured mJfwniU are colored differently 
when in powdered form- A simple way to get a Iirile nf thr powdered 
mineral is to mb the specimen on a piece of tuiglazed porcelain (in- 
called 1 ‘streak-plate"). The ttrad so obtained may be characteristic 
of the mineral, and this greatly aids in identifying the specie*. Thus, 
black befit after gives a red streak; black Jiimmitc a ydhmnsh brown 
streak: yellow pyrite .* greejifsti Muck streak; etc* 

Weight. Mineral van greatly in weight, curb one having it* 
characteristic specific gravity, that h weight in proportion to that 
of an equal volume of water. The range is from less than 1 to about 
2 % The average specific gravity of .ill minerals is about 2 - 6 . !r is 
important to note the relative weight «f the specimen examined because 
it often aids in recognizing the spreits* 
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Some Exampus of Com wok Minerals 

A number oi impnrtfliit thoracttmfics of each of the fuEL^tvin^ com- 
mon in inci ills art h.nnrd, and the reader shuiUil study them with gru-id 
ftpec!iiiieiis borons him tor cxatmuaTion, hr this waj the properties of 
mineral* in genetu[ vvill he iruidi bettor und^rsioot). 

Quarts CompcjAftinn, Alteon dioxide. Crystals, ukuhIIv six sided 
prrsiit> capped by six-billed pjffiuluik dcni'ijre, practical It nture- 

Colorlw or white when 
pure. Hariiriw, 7- Specific 
gravity, 3 . 6 . iSce Figs- 17 
and i fjs, t J p 

Cal d 1 c, Caapw 1 tion, 
carbunalc of cnltfuuL Crys¬ 
tal* have faces arranged in 
sixes or threes around an 

axis 1 Fig- l^e. f, g>. Cleav¬ 
age, very good ttl Three dsreo 
tinn-i. mine at rfj^ht angles- 
Cukrlrsi or while when 
purr. Hardness, Specific 
gravity, 2,7, 

Gyps uni. Composition, 
a compound dt calcium, sul- 
pin 11 am! oxygen contain* 
mg water in voiubiiutian. 
CaS 0 4 Crystals, 

usually tabular prismatic 
r Fitf, 10m). Colorless or wfiite when pure. Transparent to opaque. 
Hardness. 2. Bird ca*iti scratched by die finger naik Specific gravity* 
i-j. Three croonJ dravngrs crossing at angle* of b6 c ami 114". 

Feldspars, Cum posit inn, idljc&tr nf iiluminum ami potWum (ortho- 
dnM’ varietyJ nr ^dium-teddum 1 plagjoclase variety)* The ioveral 
kind* have rmnmtm properties as folfnn>: Crm:tl* have prismatic Met* 
mooring lit nr near 'jO or 1 2< ". Odor, white, gray, or pink- Cltauige* 
tivo good ones at or near QCr, Hardness, about 0. Specific grtviry* 
about a.f>. (See E'i^s- 21 .mil njh* i L 

Micas, Composition, silicate tri aluminum ivitli poia^um, niagne- 

bium, etC- Crystak, uftualh rix-sidtd planes. Cl ravage. cxcellem in tine 
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direction. Odcirk^, black* hrown. etc* Musojvifc i> .. co|urlci» vminv 
ant! hintife k black. Hardness, 2 to ^5. Specific gravity, 2.7 to j. 

Am phi boles. A number of &sVi:ir^ rrhitcd m rcmi|iosiiiart. rvsml 
form, and properties .ire It ere included. They are mostly very com¬ 
plicated compound* ol silicon, oxygen, lime, aid magnesia, uauall> also 
with dLiimhumi and imn. The must common ami important nerr i* 
called h*rMrtuli . It cmfaJjnm with Well-defined prismatic lairs 
\F ig* 19a), and with two good cleavages crossing at angles of about 



Fki zi- Gamet cryitali in ichbf. 


124* anti 56* and parallel to the prismatic lace?. Color, dark brown 
to h]act. Trampktent to opaque, Hu nines*, nearly b. SpreiHv gruviry. 
OYtf 

Pyroxenes. Composition compli rated silicate «>r .duminuu with 
various nrher dement* pmdudftg several varieties. Crystals prcfttintic 
fortits with alternate Tates meeting ax nearly go* 1! Fijt- Ch^ 

itgr r tun fairly ^nuj out's at nearly tjok Color, usually black* but may 
be white, green, nr brown, according ru varicii. Hardness, j to b. 
Specific gravity. i.J e>> Ji* Augife is the mu*i important ■ arieiy, It 
i> dark green, brown, nr black. 
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Gamets + CotnpOftitbiu a silicate, usually of aluminum. and either 
lLotr, magnesia. or iron* Crystal*, 12 or 24 fart*, or a msiKiialJOii of 
flit twi] (Fie*. 10k. [ T anil 22!. Cleaver, very purr. Colot, variable, 
but roostlj red n brown, black. nr grern, Hjttdnrsa* 6-S * ri 7 - 5 - ^ul 
specific gravity, 3*1 to 4*3* each varying According tu cump^biriim arid 
variety. 

Pyrite. Composite sulphide oi iron. Crystals, usually cubes or 
ttvelvC-faced, each face of rhe fatter being a pentagon fFig. J4p). 
Cleavage, nilue. Color, brass ydlmr. Coster, metallic. Hatdness, flu 
Specific gravity, 5. 

Magnetite. Composition, mi oxide of iron, Crystals, iisUFiUy nttii- 
hcdrcuis. CIlhvh^c, none* Color, black. Luster, metallic Highly 
magnetic. Hardness, 0. Specific gravity. 5, 

Hematite. Composition^ combination of iron and oxygen. F^O a . 
Crystal I nto in rather complex sLwidcd fonrfci (Fig. ign h Often m 
mo tided masse*. Color when crystalline k Mack with metallic luster, 
otherwise if is dull red. Opaque. Streak d always red, Mo denviige, 
Hardne^. about 6. Specific gravity, about 

Galena. Composition, sulphide of lrad. Crysrals. usually cubes. 
Cleavage, good in three directions at right angles to each other. Color, 
lead gray. Luster, metallic Hurdsesi, 2.^. Specific gravity, 7.5* 
Graphite. Compassion, carbon. Crystal*, usually rix-sitkd plates. 
Cleavage, good in one direction- Color, black. Luster, mciaJJic. Fed, 
greasy. Hardttttft, about J.5. Specific gravity, 2-2, 
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MATERIALS OF THE EARTH— ROCKS 

IsTROPUCTlQy 

Dtiinifioas. Tlir s^olitl fortran at the earth, or lithosphere. U, as- 
far as known* competed of mineral and rock rcmteriaL A rt^ck tiia* be 
Jr fined as uri iggrrgnte til mjfui.iJ: ;J wr ii*e thr tetm ''mineral' til a 
loose sensr to include exceptional material like c-.lL It ns tsKfit ^nn* 
mon bv jar for n rock to contain nio nr more mineral aperies, but in 
some cases it mav consist nuunly, or ’wholly, of one mineral qwcics, 
such as beds of gjjKFum, salt, many limestones. and certain iron ores. 
A rorl very often consis t ot f to to, or uxor, miiii-i j ^ Solidity and 
hardness are not necessary features of Hicks, for deports loose sand 
and sort cfo) arc me b jtist ^ truly a* rise harder widstortc nr granite. 
A rflfi /vrpraripfl is u mnrt or less extensive constituent of the eurtbV 
crust, exhibiting rather characteristic features throughout. Prirohff 

\3 tile study «f rocks. 

Three Great Groups ol Rocks, BrnjJU considered all rocks may 
be classified in three great grcHip* v follow*'; 

I. Svdimtnton r*.-£ j. cmnpTwing ail rarrh materials deposited bv 
water, wind* nr, and organic agencies, E\imp!ej t winds tone iinJ Irute^ 
stone 

II Itiru'tiuy ria.il, cbmprking all earth material* which were onoe 
in a molten condition Examples, lava and granite 

111. rntii, comprising ail profoundly altered (met* 

morph'jsed) wdinirritarv and igneous Exat^plrs, *chist and slate 

General Significance of Rocks- The wiener of gpofoev b based 
largely uptm the study nt jocks, purricnlarly in regard to their origin 
arid history; the forces of nans re which affect them; Sind the events 
nf earth history which they record. It is. therefore, impomiit that the 
ftuilettt of gvology should early gain At least an clemrnrsrv knowledge 
or the more common kind* of rock*. Only by a knowledge of the 
nature of the materials of rhr lithtfiplicre (mostly rock*} c;ui the action 
of geological precise* upon them hv rightly Lim.tr r?Tnod. To this tml 
the student should supplement hi* reading with study of specimen* in 
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file litborafuiy, anil nf actual ruck dqttftUfin in dip field, 3 far as that 
may be 

Sejjem ext vki Rocks 

General Characteristics. R ocfc and mi nr ml matter of any kind 
carried by water. wn\A, or ice becomes $rdimvnL which, in the course tit 
time, is deposited « such Most sedimemary rocks by far originate 
l> sediments. i )iie uf rlir most common characteristics of such sedh 
tikflEari roek> i« thrir div&ton into layers t-e, thrir tirattfiaitwn 
i Fig, 1.11, By throwing a quantity of htfwe nock material the frag¬ 
ments of which ranr;e from ixry line ru oiarsc„ into standing water, the 



Fit n- An oiifcrtTp ftlmwinjE fi«Jlrfti ircrsrifi radon or HHdinjc- 'Hir bed* of 
•Btftditotir i light gruvl mad fhiinirf [darken bed* 4 dials have N?rrs tilled 
mt oi ehrir arigjitft] horijEtmEal position. Near Oxnard. Calihirmm 


coarsest material would settle fir*f. jjh .1 upon s* iMiccssfvdy fitter uni 
finrr material. The lx would In -l giuijjtfmn h in tin- coarsest niAteriul 
at lhr bottom rn rhe finest at rW tup, By repeating the process a aimilar 
hvrt [nr hcJ) would accumulate mi top «I the first, and the two lauos 
would be scparatcil rather shirply b^ a strrttifu rttitoit or bnlrftny wr/tirr. 
In water with n current there would he a tendency toward horizontal 
as well ;i* verticil] gradation ol die sediment In each layer or bed due 
to the -Mirtitiu power of the riimitiig water, Thr term tfratuw (plural, 
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fiiiifti). srnctly speaking, applies to a collection of sut'CrBi'-c bed* or 
Liters of the same sort (if rock material, but is very often "«') i ,! T * 111 
smite scosr a* htd or fayrr. It should be borne in mind that some ?edi- 
tiwntin ruck* show little or no sign of stratification, a? tor example 
in tlir case of mtUty glacial tlcpontL Wind deposit* -nr often more oi 
Its* (rudely stratified, 

Another common chftfactrrrstic of many strdintcntiry rock* i‘> she 
round':iJ nature of the f ragmen rs pud particles which comporf them. 
This it due to tile fact that any sharp angles ot rock and niimrnl frag- 



Fif;. 3-y An cHPitrikfi fpf Hiniffnne' ’bfT'wil'ifj i (hif't lit" 1 F Htl^w Hfiti lltin l*' (!■ 
alftvt Nfif JobtiitCTivn, New York. 


mwh (aid lo be worn awai by abrasion during rniciApnrtatimi hv water. 
Wind, or glacier*. 'lid' feature stands in sharp contrast with lhal of 
the typical igneous nock* which are mas** of inure or less an [pilar 
nii ne rnk tor r rysra Is j. 

Sedimentary rock* *dten contain frrnYj i Fifr 27). that i* f unmisii* 
or intpitisions uf animcils and plants; ivhtle igneous rucks by their very 
nature ulmttil never do. 

Where Stidi meats are Deposited. The peateit tfustre oi sedi¬ 
mentation ifr the sea. 1 lie general trftdfiKi is, anil Thij Hre-u im Edii^ 
for the land waste, resulting fnntn liiSimrgmiiiii and decay of 
rocks, to be earned into the scit, sir|, largtl) by rivets, Mr*i of this 
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sediment, amounting to vast quantity rath ytnr. is deposited in the 
shallow water relatively near fhr land, that fa, within i*>. h to ioa mites 
of rhe shore. Shells and remains nf animals ami +** 

well as vulcanic mmri«dg (eppspjdly Am), amimitlifr met vast arras 
uf the sea floor. Large quantifies of material worn from the slioro b) 
Wave action are also deposited in the >vj. 

Most late bottom* receive Sediments both derived by tviVe action 
and carried in by stream*- Mineral matter in solution, such as salt 

and Eyf»um H may also be pre¬ 
cipitated during evaporation of 
late water* 

Molt or less deposition of 
the tremendous amount of 
sediment carried bv terrains 
take* place along the stream 
course*, lurtimlarly on their 
flood plains, or whrrr streams 
emerging from mountains flow 
out trim deserts and dry 
away. 

Vegetable matter, which in 
many places may hr changed 
into coal, accumulate? in 
swamps, bogs, and some lakes. 

Various type* of sediments 
are deposited directly upon the 
limL Tims piles of rock img- 
nimt* derived tram clifts often 
accumukte at their base?; wind, 
especially in desert regions, 
transports ujid deposits great quantities of dust .uni sand' mifieral- 
charged water* (springs! emerging Stum the earth deposit their mineral 
matter ht the wnkur; and glnvsri. ir.imi^itl and deposit huge aniniinH 
of rock wnstc directly upon the land. 

How Sediments are Consolidated, it Most srdimrnmry rocks are 
now consol id aied into relatively haul rocks, but at the time of thear 
deposition they were mostly loose, incoherent ma^, Tims die femfijiir 
rrn;k known ai ^nthtiitlr wa* oik' locmr Mmi and duilc wa* fnmierly 
>nft mad. What cause* the ciui^dfdntiiut of wdhntntS? One impor¬ 
tant factor fa r L j r phi cpf dm*ntivir4 pmsttrr* f Where strata pile up to 



Fic. jj, A fpecimm ul eongJomeratf 
ibo^iue wait r-worn pebhlra. 
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thicknesses of many hundred*, or even thousands* of feet m they com- 
mtJJih <io T the weight or downward pucssurc rrf the overlying masses 
trunk fi> squeeze loathe f the fragment? und particle* of the luiyrr 
niat&ts of the pile, i mistfig them to eoiivolsdast. |ie rhaps in adhesion and 
cohesion. 

Ctmtnrtuian i* aimrher important cause of consol id orion of sedi¬ 
ments. Water* penetrating the earths crust earn' various minerals in 
solution, uid at com idr table drpth* such miueruk are deposited in the 
ipju-rii f>i the hiose sediment, tausing the whole mass to be tightly bound 
together. 

Consolidation mav also he effected by hr a. L The umrtt of the twal 
may he bodies or molten maivml which risr locally into truOTQ- of 
sira esi. or ir nun be the general interior heat of the earth when- ihe hot- 
tam portions qf thiek piles ol strata arc far enough dmvrt to become 
appreciably affected. 

Mention mmy he made ako ni the influence nf IrJtni! fit* a wn in die 
cnimltitarion of sediment Such a pn-smie may hr exerted is\mn a 
great body nf strata causing it m be crumpled and raised into 4 moun¬ 
tain range OS explained in Chaprer XIII. 

Kinds of Sedimentary Rock?. The more common kinds of sedi¬ 
mentary rock* may be d&t$ificcl In -i general way as follows: 


P81NCIPAL K]\ns OF SEDIMENTARY kocks 


' Sund* i mI sandstones. 

. , Onvdi and cangloniErilet 

„ Mtctamn) nr a Jnd Khale ^ 

Itajpntnt&J nftgjci. ■ ^ 

i lulu* and hTecdjiR 


a. Chanirnt origin. 


3 . O iga cik orijsp-iu 


Sill* AllJ S^F^Hlfllr 
Si«inc IrtartfOCHk 
rrwvetif nc and sJtkenrti timer. 
Uol; IrOD-ntc- 

I Must Umrstftie*. incUidiiij; chalk 
. Dtafnma^mijH ranch, 

[ Prai F Hgflfat* jihiI traL 


SfrfifTfntttiry rnrkt of mrchimmi firiffift* The wrhWntary rock? 
classified in this caEcgury art 1 fit nurrhanical 1 origin, anil they con-sot 
largely nr wholly of fragments ot preexisting rocks carried along and 
deputed by wafer, wind, or ice. They arc known :ts cl situ rmli. 
Sm*I> are incoherent nm&t* of fine, more or leas rounded grains 
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of mineral nr rock Fragments. usual!)-' consisting mainly of quarts The 
grains are uot more than a tew millimeter? in diameter. 

Sandstones are consolidated sands of varying degree?, ni hardness. 
The graim of sand ure jpum-silty held together by a cement Such as 
linu\ riviile of iron. or oxMc silicon 4 slIlcq j . etc. Stordstuflc* are 

gr he rally in Lvers varying ir«im thin tu thi- - < Fig. 14). ■ hey 

vary greatly in color according to the nature nt the fragments* vtim-rif- 
ing mare Hat, and iinpimfir* which the) contain. I he) are Vflnst olten 
white; gray. brown, or red. Sandstones are usually ven pnroits beemv: 
of the numemns, relatively large spaces between the main:- of the rock- 
Hirrr are many tlsare or les? impuit varieties uf sandstone,, as for 
examples rn/i'nrroiri irW^^', containing much lime; Mud- 

stonr* containing ntani Itakr^ nf mica: urpiJitu t utu ttituhtvH*. rib in 
clay; ian-d arkvth nwdltlrntf rich in fragment* of trlihpar, 

itravrh air incoherent masses of more or rounded pebble? nf 
a eh Lind of rock tanging m siste from a few millimeter? ta boulders a 
hn>t ui 1 more in diameter. The mmt Cfimimm pebbles are of quarts, not 
only because tlsk mineral i» *v ahkindnm P Hue .ii>o because it ^ IhltlI 
that the rolling m 4 nibbing .action «*f walrr, wimh in u c idler! only 
round? off pebble* nt d. w hile ^nrer milterab and m:L arc milled fo 
fine nweijafc. 

('Bngltrmtratr* are mAfttftt of gravel cemented together i Fig* 25)- 
Tliey are usually much more* crudely strut Hud than sandstones b'C.-mse 
■ ■I rtir condftkms under which rfirv air dtpodtenL I hrc nre given vari¬ 
ous flames uevurding 10 rhe prevailing kind* ut pebbles in them, its 

I'OR^/e/rta ntf-r, ij ninth' ttmtffowrrttU . /imt tititit i-rsryqtbmmUi , rtc + 

^Vrjyj consist Qt ven - finely divided, decomposed rock ami inincral 
matter of various Linds, bur usually mostly oi kaolin They arc p!a=dc 
when moist. Mttdi arc made lap of very finely divided, little decom¬ 
posed or fresh reek and miuerij irngmend; of various kinds. They 
show little or tin plasticity whtfn u-nilst. Sktttet art oousididarcd day? 
and muds* Clays, minis, aid shale? commonly vary in color from whit* 
through gray ta black, and from bluish-gray nr yellow through brown 
to red* iht Inner colors usudly being due to the presence of an iron 
compound ol some kind. Dark gray to black days and shales usual tv 
owe their color to thr presence of considerable drcoinpustug organic 
matte 1 r. a? for r\amplr 1 kfdf. \ Jissu day h nau.JH called 

mtirh There .ire ibo utmiy tkttfrt, von rain mg crjitsidcrahle MU)ii) mriTr- 
H.iL and atlttirtam tkvifs* containing more ur !t« Him maleriol. Shalr- 
situ! day^ are usually wdl strarifitil, often in ih hi layers (Fig. 26] + 
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Thut*beddrd shale* may be readily split turn thin plates parallel to the 
stratifies if om 

Ltorsi k a very hue grained, usually buff colored sandy* often limy, 
clay, mainly of wiruHiJuwpi ofipti. 

Talus Is a mass of more or angtihir, lame fragments of rock of 
any kind that aurimiulrite* iit flic haw or a diff or STc-cp dope 1 Fig. 46). 
Brrnm art masses of morr or Ie%> Angular rack fragment* which have 
been cemented together* 

StJwrrntary rucks of ihcmicat vri$m* In this category arc included 


Fia 26. A targe outernp of Mjniij^Sv tilled evenly ^ratified Tuta\ thick- 

ne** nf ihe tail* iv hiunlrttli *il frtl. Wtu C«y*n ati the Ridge R*W. 
Angela Couutjv Citiftirnta* 


all sedimentary rufl&s which (save been formed In deposition for prccipb 
ration) o i mineral matter from solritiom 

Salt ami ttftum are precipitated irom salt lake* and lagoons which 
arc subject tn excessive evaporation, that is. where evaporation balance* 
0r exceed* inflow of water, The tendency h thus mr the mineral mat¬ 
ter to accumulate ttl sotutHm until rise point of saturation ii reached, 
after which prccipFwtion miiln. If both salt and gyi^um are in solu^ 
tifin the gypsum is deported first because it is (rs* soluble than the salt 
Extensive deposits oi both of these mineral* exist in imi y regions, and 
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they arc usually well stratified. When pure they are white, bur they 
are often variot&Iy col urni by impurities. 

Where I hue it in solution m lab> nr I agon ns, cstCKsive evaporation 
roay lend to it% deposition, thus forming luneaioiie. $sich limestone is* 
however. far lew common than rhat of Organic origin described beyond. 

Trtftfi'rfine nnd fUwtQitif iinttr arc more or hss porous usually white, 
spring deposits, being especially conspicuous truund tlur mouths ui hoi 
springs, Tliey in bcjtli rrmnrbbh well developed lit Yelltrivitniie Fart; 
the former at Mammoth Hot Spring, and the biter around the geysers. 



Fici, a 7 . A sped men of ^hrlT (imtsfcun many mil Horn nF yea r* old 


Travertine ctmitfs of limy mate Hu I which bubble* when touched with 
liyiJmcfiloric add,, And siliceous siorcr consists of silica Thar is, a corn- 
pound of silicon and oxygen which is nor iffrcirrf b\ the acid. 

#nry inw-vrr prgcipitMr* On the floors ui Certain bogs ui labs when 
an iron compound in solution in the water become* oxidized, and there¬ 
fore insoluble. 

Si jjwfMtmy r *ch t>f r^uih 4 ripitt* Mt/vt limrtt&nfs consist of the 
linn sheik, nr fragments oi shells, nr other limy remains of animals and 
plants, nmaily of animals. in many cases the organic remains r nr at 
Ita&r fragment* of them, are oh-inns r<s the nuked eye (Fig. zj) r I n 
some cues such material can be made out only under a hand lens of 
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microscope* In still other j :a«r> the limy nrgjmic mfiairts either have 
been yf} thorough!} ground up (e.g. b} TO r cs on hcxj ml beaches), or so 
completely -lIu 1 ictl by l rv-.r.i3Si. L tirm, thnl the nn^inal uj gallic structure® 
are wholly obscured. \Um of the Lirc^tc„ vm extensive limestone forma¬ 
tions have fnmied mi the *eq floor Hj .lccuniLil.itiLm of limy -hells, etc, 
limestones arc usMtilly writ stratified i Fig. aS). 

is a very line grained, sol! limestone with an earthly texture. 
It is usually white to light gray. Much chalk ennsista of the tiny shells 
ot singlc'celled organisms such 
as CiXOdlitlwiphfirct, liunto! t« 

are often impure due to ii mix¬ 
ture with more or less sandy 
or clayey material,. etc + , and 
become smtJy ti jw* j totn f* 
clayry t Or ) Ww^- 

$t<mrt A ere* Skrii tm&i i ft 

cbvrjr material rich in limy 
shells or fragments ol shells* 

All rocks here described under 
!he category of limestoiieft 
bubble when treated with of- 
duwy acid. The) -ire usual I y 
well strdrifted, 

Diatomatenui «rrlA, or 
diatom it e, is soft, very line 
grained, usually white or gray, 
earthy maim .il eompowd 
mainly Of wholly of tile tu'- 
ticeous shells or secretions of 

tttimirr., singlc'cclkd pl an is 

called diatoms. Ie Is usually 
well stratified. often in exceedingly thin layers when it a> sometimes 
called di^tmnactous shale, It looks much like chalky Inn acid does not 
affect it. 

Pffli, /ituii/r. and cert/ all represent -lonmubriam of hods of vege¬ 
table matter, usually under swamp conditions, which have been more nr 
lew decumpttfcd (or carbuiiufied Vegetable matter of this kind, wbftt 
OTily *lightl$ altered, iv trailed pear; when it is somewhat mure dettnu- 
ixracd it is railed lignite {an imperfect truth j ami when a is very much 
changed under conditions of burial in the earth so that the (rercemuge 
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of carbon i* relatively bigh, it iv called ti landing both bitumitwits 
anil umiirauK* iUiL Coal i? more or leu well stratifrj. ami it unaily 
tofTm beds. between beds of sbaEr r* r iamlitonf. 

Special Featuxtrs of Strata. Klpptr mnr&f, These aim* small paral¬ 
lel ridges. seldom more tfinii a few inches high, ronwd by the rippling 
action of either water or wind on obtain incoherent sediments, especially 
sands and sandy material# in general, They ate particularly charac¬ 
teristic of the action of wbvh in rimlltw water, i\ ripple-marked sur¬ 
face may be hardened enough to hr cUftpl) buried under other strata, and 
later exposed by removal or the civwlying strata by a natural process 
(rntokm). Figure 29 shows ripple marks nr this kind millions of years 

old. Ripple marks arc also 
made by wind action on 
wind -blow 11 lJ v posits, p ar- 
(Knljfly on s-jH 1 lJ dunes 

I f% 146)- 

I /ad rrflchi AVhen soil 
mud or sandy mud is I etc 
tfcposed in rhe air alter 
withdrawal of high water, 
the material dries and 
cracks into a network of 
foutirs, Flood plains of 
rivers :md desert basins 
with their alternating wet 
ami dry surfaces, are often very favorable far their development. 
During dr> weather such a cracked *urhice hardens, (rid the (kwjri* 
may either lie filled with wind-blown dust or *and* or rhr next flood 
may first IsEI the: imb, and then cover fhr surface with coarser sedi¬ 
ment. 1 h 11 .1 mud^rnucked surface may, in rhe course of time, be 

deeply buried below ihc surface, and Inter exposed by we.irfaig away 
of the bind. 

Hut Is irregular bedding .u various angle* to fhr gen¬ 
eral plane* id t railJkration uf a iumiatioti I Fig, ti). It h caused by 
rhe action "f tide* or water nr winvl arrrents varying notably in forte 
fir direction* Rapid, shifting currrcits 111 ^ 1 11 [Irjw wartrof rivers, bkts* 
and even the sea, favor m development. Wind blow n deposit". a re 
also often cross-bedded becaitac nl rhe shifting condition* oi deposition, 
F&siih. Stratified rocks very oJfeu contain remains nr impresari iih 
of aitkials and plants former geologic ages. Sediment which were 



Fvl J9. Ancient ri pp I r-m 11 rkcd unibtim?, 
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Fit ||. JUcd Star Kan ah, tTlih. (Phtiro by l>. W jotmion.) 
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deposited in tin- sea an?, lLs a rule rjL _ 3 n«t in such fOfc^its (Fig. 37 1* 
Lake and rim -ikpesits also o^en contain, tussils, and sediments aceumu- 
latril on toiiil sometimes do. Even oixnskmsl track* uf land and warn 
iinimals of miHimis of irarj :sgo arc wondrtfully prrrfivnL 
Canrrtfiiwi or These arc minded or if regular 

material differing in kind and rather sharply separated ttnni the beds 
or Strata in which they occur, ind harder than the latter* They are 
tumid in a great variety of shapes, sometimes stiggeSEing fossil forms* 



Fcr_ 3 a. OnnrrrHnn* frntii rh y Hedi nl I hr- fminrrlirur lTjillr?, M :i ^ h tiMru 3, 

UlLt-Juib imural dir. 

Sonir small iinr^ Afr dtErtVf! in Fig, $2* They range in diameter from 
less than an inch to n number of fm nr yards. They arc not pebbles 
or boulders depenited along with the sediment* winch contain them as 
proved b\ the tact that stratification surfaces often pass right through 
thrin. They arc segregations, possiblv aided by some <rysrallocation, 
of certain material*, often ground some object like a shell or leaf, formed 
either during nr after the coraoUdafkiil of the sediment. Their precise 
tnodr of origin is, however, nnt known. 

Igneous Kwks 

General Charge tori sties. Igneous rocks are usually massive as 
compared to the severally stratified character of the svdimeiitan rocks. 
In -some plio>. ,ls with tuva-ffeiva [Fig. 167J H igneous rocks may he 
piled up til layer*, but such routs can. In their other detracted wic*« 
hr told from striitfird melts. Among such other characteristic* uf 
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igneous rocks are the erflen! ijitiiniiniry of appearance ill masses or 
layers :or considerable distances, both vertically am] huriwnitally; the 
usual angular, iruir.td ot rounded, shape* nr mim, or all, of the min¬ 
eral constituents; the peculiar texture. especially rhr interlock mg of the 
minerals; their mode of occurrence. especially where they cut across 
other rocks; the effect# of ilwir bat upon adjacent rock's; ajul theit 
almost utter lack of fossils. 

Magma and Its Consolidation. Molten material which has its 
origin within the earth is culled mttgmts. Solidification of nupp pro* 
duces igneous Cock. Magma may be regarded as ;i very' hot solution 
(151x1° to 250 r tv; of certain substances dissolved in others. Some 



Fin. tt„ A speeinitD of granitt shutting a craniiuid texture, Two-tliinl* nat¬ 
ural site, 

o( these substances are volatile (gaseous), such as water vapor or steam, 
carbon dioxide, and sulphurous gases, while others are nonvolatile, 
mainly oxide* of silicon, aluminum, iron, calcium, magnesium, potas¬ 
sium, and sodium. Tln-sr uxrdis, partly as »m h. hut mostly in numer¬ 
ous combinations, involving two nr mure of them, produce the mineral# 
of igneous rocks. The volatile material*, however, enter hut little into 
the composition of the minerals. The relative amounts of the magmatic 
substances vary greatly, and hence the igneous rucks produced from mag¬ 
mas show wide J file re nee* in chnnical and mineral cnmpttfTtifm. 

When hot magma under jjrc.u pressure within the carlh moves 
upward into the earrH's cm.it, or t« the surface, both pressure and tem¬ 
perature arc lowered, Prrswire reduction allows the contained eases to 
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escape either info the adjacent nxfcs within :hr earth or Through vn|ot- 
tkjl-s. often explosively* With a sufficiently slaw burning of tempers 
tore, :t tin it comes when some nf the nrjnvuljtilr constituents cl tint 
magma begin id grow inw mineral cn*raU bv fvsfrmark arrangement of 
the molecule*, Finally thr whole m;tv* be< .1 mjIiiI jmek tp| varimish 
oriental Crjitjtls. including :i number of different kina* f big. j j >« Dur 
to much interference with each other during their Kmn r t?i t crystal faces 
are osuiLlly not well defined* Under conditions of very stow cooling, the 
magma remains beghlj fluid tong enough for rhe mu tirades to move freely 

so that fewer crystal centers 
Originate arid the rock will, 
therefore. be comparatively 
coarse grained, Very fast cool 
ine causes the magttlft to be¬ 
came xu viscous that che male- 
cu[es cannot arrange fhcni- 
•rives into crystal*, and so the 

met becomes glassy* The 
lading may be at such a rate 
that runny local centers of 
cristalls-itEon develop imf the 
lock becomes fine graintd. 

Textures and Mi nereis 
Of Igneous Rocks. The tex¬ 
ture of an igiitfms ruck refers 
to nts appearance when ex¬ 
amined In dentil, Ii invokes 
mostly thr shape*, manner af 
porphyrhEc feature, T^thSrdi, niiu/uJ *!«. nggrepritm, and relative sbes 

of the mineral constituents* 

WVn must in' thr ininrmt grains or crystals making up the rock ;ire 
of approximately mu form size,, and nraciiE?, visible to the naked ru\ (lie 
rock ss slid to have a ffrmitoM irxtitrr I Kig. jj ). 

Whm the rock cornu ins tmm mineral grains too nfflali to he made 
out In thr naked eve, it is «aid to have >t fthii .fi tor wmpiut \ tfxifire. 
Suds J ruck riuu !v partly uocrvatalliV.ed, 

Ignequt racks with relatively targe crystal** often with good crystal 
outlines embedded in a distfoeik finer grained or glassy gmundm^ss 
are Said to Have a porpkfritU textun ( big. 34)* Such a textute indi¬ 
cates tim distinct stage* of crystal liar arfon. 



Fto. X vpcvimrn lav* •howfno; 4 
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Wheit .1 magrtii cooEm aiiij *-ilEiUfirs vtry rapidly with practically ftn 
rrystaJli^titi^Ei a sjhmy Uxlttr* r^uks I l'i& J5)' 



Kie- A tpcrimrr of obudivn (irolnitk TWilwda iwtttttl 

Iwcrijw cut isasc* and 9&«PJ thmujflt the upftfr portion of a lava- 
may till it with biibhK so ihat mi cuditig U ha* a fdhfrr texftitX* 



FjjC. % 6 t All isiElCFRp at vptramc I>rwri(l ihnirfitg n fra^n' PSlil seif II rt. 

Inn mi W* ff<*{ of Bd«s. Nevada. 

The term frrtgntrflfiil ttxturt may He applied to su dcctinuilaiiem 
(loose or coredidalrd) of fragments of igneous racks which have been 
explosively ejected from volcanoes « hiii. 















so MATERIALS OF THE EARTH—ROCKS 

Scores of mineral species are known to occur in igneous im-L.. hut 
comparatively tew ut them jirr abundant. Most onnman of all arc 
feldspars (both ortBoduse ami pl:mirn’|a*r), tumi?., micas pvtmrmrs, 
amphibulcs. magnetite, anil olivine, Small utoounts of pyrite, apatite, 
Jin I min mi very cnmmrniii occur. 

Platonic and Volcanic Igneous Rocks, In regard to modes uf 
occurrence of igneous rocks, there arc two main ry|w*L, the filutoni. or 
intrvrwt and the volctutfc or fxtrttsne, The former type result from 
cool mg of magma which ha* been forced him the crust of the earth, 
but not t*> it? surfftce, for rumple, granite. Such met i$ now visible 
nnly because of removal nf the overlying material bv na rural agencies. 
The latter (volcanici type results either from solidification of magma 
which pours out on the earth's surface (feg. lava-flows i, or from an> 
mutation at igneous rock fragments which are thrown out hi explosive 
action ut volcanoes fFig. to). The modes oi occurrence of igneous 
iocb are considered toward the rntl of Chapter VI. 

Kinds of Igneous Rocks. The principal kinds or igneous rocks 
may he classified in a grncral way on the basts of essential mineral con¬ 
tent inf texture, In the study or the tabic presented herewith, it must 
be clearly understood not only that various accessory minerals are not 
listed, but also that adjacent type* in the classification are not always 
sharply defined because many intermediate (gradational) types are 
know it, 

Cpnimemt on thr CltiisifitMion. The class ifi car ion involves two im¬ 
portant factors—texture and mineral content. Reading horizontally all 
rocks hi a row have a similar texture, and reading vertb .dh all rock* tn 
a column have a similar mineral contrur. This very brief damitVation 
givr% :< fair idea of some of the more coratnnn kinds of igneous rocks and 
tlieir reiatminhips. but ,i Complete classification would involve many 
other names and it would hr much more complicated. 

Tile chirf minerals in the granirnut rocks named in tile table are 
generally large enough to he recognised bv the naked eye or with the 
help of a mag nil ving glass. 

In the porphvritic rocks the relatively large minerals ran usual I v be 
determined by the unaided eye or with a lens. The other minerals of 
the porphyrin mayor may iim hr recognizable in the same will, (IcprmJ- 
iilK upon the size nf tllr minerals and the degree of crystal I Nation of the 
met. Thus a rhyolite porphyry may he in part uncrystid listed or glassy, 
and hence show no minerals or the minerals nun he leu Pine grained 

Roifcs with a tvisitir texture Are gewratl) line gained, or even 
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Principal K'ittAi uf igumui Rn<ts 




Jttd ywtfITS* 

tit. 

Ofth^Utr, 
iru-J ns 
ttf* 

Phi give It r* 
iwJ iriftiilt 
■■? katn^ 

Pisfhrki* 
ana pyrev¬ 
ent m tl<- 

Vi- ftlAi pur, 
fihtitr, k>ym- 
hifndit & pf- 
ti£. 

ftialnljn 

Vulcanic 

d*Ul or 
Fr4£- 
mtntxL 

KHyoKct 
yUitLiijui* 
tuff, bier; 
an, etc- 

1 risdi y re 
43bfldllFt» 
ruffg bm:- 
di, ctf. 

Amkdtc 
cdHtdlmit 
m3". SiTiCii: - 
CtHi etc. 

Ih-rflt tfb- 
attiart, fuiF, 
breed*. 

etc. 

1 jmLurgitc 

ruff, brec- 

cii, clr- 

Ftftisti. 

Khyuliit 

Tnubjut- 

Andesite- 

HaSalf- 

Umbutuitr. 

!nttr- 

nECiiiUK 

Pvrphj- 

TlflC . 

RhyfL in.i 
CJtfl. [>Cir- 
phvriei 

Triuch- und 
Sv. p«K- 
phmri. 

And- and 
tfcnf. \*.it 
phyrico. 

Bss insi 
(ilk |»r- 
phyrics- 

f.infc. al^i 

S ! CF^ psr- 
phyntR, 

Mamlv 

iHu- 

fomc 

firjrriifjiti 

IfTrlstlK- 

Sytmte- 

Dknrire, 

ijibbm 

Pcrulotitc. 



CjfjiflUe 

family. 

Syemie 

Unlit y 

Dim; re 

Ea.mih . 

Sufobm 

fafiriSy, 

Pcncknitc 

family. 



1 ^UhILv light-colored 

UwjaEI? iterk ID blidt. 


parth cl ass v. that the m&tenib can v 1 d« he identified without the a id 
of ,1 ioieriKLtj^t. 

Glwi ruck* iif course show uo minerals but, under the microscope 
mggtftutu of Mime iudprut totals may appear. The place '■{ a glassy 
roc t (obsidian) in the table can he toW only he a chemical analysis which 
indicates about what the mineral* would be if the magma bad 
crystal] ized* 

Fragmental rocks can be classified as tn niiiiri-l conirnt only when 
ennugh minerals of the fragments can he made out. 

Having 4 knowledge of the common textures and minerals "ivmUr, 
in the above table, the Student should carefully examine specimens of 
most oi the types of igneous rocks listed. 

Mrr.yMojcrrttt UncKs 

Meaning of Met amor phis m. Mtbrnwrpkhm means any ituntp- 

mineral cnnqnltrioti. structure, or texture of an igneous or a «di- 
rock whereby the original rock character is notably altered- 

J20S> 


mcniarv 






































52 


-MATERIALS Of THE EAR"!'H—ROCKS 


In many cases the products of mciamarphlv nctlnn tool utterly JifTrr- 
ciit from the rocks from which they were derived, while in mam other 
caiti some of file original feat'ires Are rttuiiud. Single coiftolidatinu 
of loose sediment. like that gf cl A) intq thalr, ih not regarded a* a mrta 
Sdcrphtc pres:es* h DisintcgratEorr and decay of rocks under the Action 
of the weather (Atmospheric agencies J are, however, processes of meta- 
morphism mi the broad sense OS the tenlL 

Sedimentary rocks which have been thoroughly mtftamoiph&sej 4 'arc 
much harder, denser, more vn^allint, and thtf fossil*, and perhaps rten 
the mark? of at rati friiii r Jen t, have b?m iiinre or It** tutnpltcdy uhliter^ 
atnL Aa in the igaicon* rocks, ihe particular team res which tUfftittguish 
them tnay disappear^ -mJ they may assume a banded appearance and 
cleavage winch rrscnihIc those ni sedimcntan kinds 1- (Firssonk With¬ 
out cam till field Study, it is sometimes impossible to tell whether a given 
Dictatnorphic rock was ungpicalli ipjeous or ^iliiiicntiiry. 

Agencies of Me tamo rph ism, How do igprair* and srdbunu.iry 
rocks become mri amor pinned ? Brief mention will now he made oi the 
principal agencies >it ttietarnnrpEhsm. i*i quids % particularly u:iter on 
and in the earth, are often effective agents 01 nltrrarion of rock mate¬ 
rial by dissolving it, alter which if may crystallize hi new mineral 
combinations* 

Virions tftfi *t and t Hprdilly tlmsc which escape from mid ten 

masses into sumiunding rocb, often effect important chemical changes 
and rearrangement* of mineral matter in rocks. 

Hfnt is an important metamorphit agency. Ry it liquid & am) i rasiss 
are rmderwl much more active. It helps to alter the composition of 
many minerals, and to bring into existence new ones, A sedimentary 
rock mass may be nittatnorpho^ed hy heat along rhe border of a molten 
mass which is intrusive into ihr sediment* A rock mass may be heatol 
nfjC Only by a hot, jgnrciLut body, but also by d^-p burial within the 
generally llear^i cr«i>T nf rh«- earth. Some heat may alsn result Jram 
disturbances of the cmsi due to shrinkage oi the earth, 

Ijtcjfmif prffsurr h a very important Agency «! tMtamorphisitr <jf 
both igneous and sedimentary rck’ks. Wc shall Jeam in another chapter 
that the crust of tin- earth is, and has bvtn 4 m many p!ac^ Hibjeaef 
to tremendous stress and compressive forces due to earth shrinkage, 
causing meb to be bent, m^hed, dir a red, fmetund. and often locally 
crumpled into mountain mngi-s. ^ [nii-ral grains or rock fragments inav 
thus be crushed or thmrncd; mineral rearrangement mat take pin et; 
and chc rock structure and texture may be greatly changrd, 


MKT AMORPHIC RUCKS 


53 



Fir: 37 SI a t\ ^TfflVTjr ^miitun hrdilfrip ftf «,hJrp!y frltdrct 

if HU. Nfjii WaiJjinl. iWmrff, lAimr Kciili h l\ S. Gciilopal 



£V ;t r A ^pccimi 'i rtf iTumjitval *rhi*t. na sural six** 











54 


MATERIALS OF THE EARTH—ROCKS 


Downward pmtN rr exerted upon deeply burled rocks, particularly 
sediments. aided by the lirat of the etirrb^ LMitriur, and aftad by 
other liquid, is probably another important factor in tlir truumrma- 

turn EJf Itk'Lv 

[u *omr CBKi the agtmir* mrnrirjrun3 niiny operate only very loeallv 
causing had ntrrnmvrphum. while in other casts they rua> bring about 



great changes over exwnsave areas, causing cry/*viva/ 

Minerals and Structures of Metamorphic Rocks. Relatively few 

common minerals note up the 
Uirai bulb nf meiarnorpliic 
rw4& Chief among them 
are qmirta, die feldspars* 
the minis* the ampbi boles. the 
pyroxenes. nilestr. and duly- 
mitt, ,\luM ignemi* anil mrt- 
amorphic nick* are nimitar in 
regard tn their distinctly 
crystalline ip^uraj^ but 
they are unlike in that tliL 
mrtaniorphir rocks usual lr 
liave a parallel rtnuturr «r .ir- 
rmtgatwiit nf mineral grains* 
often irseinbiing stratification. 
In $oine ease* rliis structure is 
parallel to original bedding of 
strata, but more of led it is nut 
It should be bLpt in mind that 
not all igneous and meia- 
morpbk treks arc crystal line 
and that mt all met amorphic rocks a parallel structure* Such 

cast* are* however* relatively exceptional. 

/‘o/jwff'jrj is tile arrangement oi the mineral const It a truts of a metn- 
morpliie ruck with their lung axes inure or less parallel, thus earning 
the u±k to have n parallel Atimiure* h U a secondary wrueturc Hut 
k, it i* developed m the arighi.il meb mainly b> pressure .liter the rock 
was formed as such, A rock possessing tyliation is cal 3rd a foliatt, 
Wdlstcvcldpnt Foliation causes r/f<nVfJT + that B, a tendency for the 
rock split in layers parallel to the foliation. Wd (-developed foliation 
In a very fine plainest, not obi rously crystalline,, rock is calk'd j hifp 
cfrfl m#r, well ill writh'd by common roofing alatc. A highly cry >tab 


FlO. JJ, -4 gpcetirri> nf granilt gnriss Tvo?- 
iJhlrdv natural iJict. 
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linr rock With a .i «cdW(U Foliation (Of ctc-vuge) is cj f a n fci. 
lFie $) A crystalline mdc with crude ic.Jinr^n is called * 

f h'i, ; g v 'Oic term may •* t(l 311 "*V n 

M a crude ftW miwr is developed during the co„sol.d a .mn 

Ckf rhc nupiAi L | . 

Kinds Of Ketam orphic Rocks. Igneous mck» which have i inr 

foliation impressed upon them after Complete aoMihati'iii nf 
mav be named #*»» *** - Mt etc., «**•* To * 
igneous rr*L involved* Those uW &**«'• develops during the 
of solidification of the magma m*Y ** named crirnmuJ 

St,Ur. etc., according to the Lind nf mcL. home ftontfc-* «*« <«■ 
«***») is M «IV foliated homblendr-rich .pm 
slate is igneous rock With a typical slaty cleavage, Among 

in]iami. ignenul, n*M**#t »,*«**< and 

CiLly much altered gahbit., |>«idOt.«. etc., and some !**■» base al» 

been noiahly slwied chctnkally. ,, 

Manv names have been applied tn vanmia foliated sedimentan njU 
Thus »irw or *-#*iWr»dr frfiif and gwin_*« tlmroughly cnsfU.i^ 

: i illW i B tli« particular minerals Jwntwmtd. H-th nf •*»* mir 
1 ICnV Lw L l “ 3 me rock, s—1b *» with teldspsi- They ate 
m j lllv ,„| 3at er! shales- QM rrferii is foliated, impute sandMune often 

containing mica. C^hm.r^ ,*<«, b simply i,M 

ami tuorblt vnriii is simply fntf ^ r,i inj P"f V ' rrll . 

bdiated shale with highly developed *1«y cleavage lmt with very little 
cr LnUimion. Among the nan-foliated n*t«TKvpWd «dintfiit*0 
rtib are ^artdir. a usually massive rock derived front rather pure 
sandstnnr: derived from limestone: anfhuia" which <V^ 

bituminous coalj and certain *** p "*«* * ^ 

of magma near its contact with wdimeittary rovks. 


CHAPTER V 


ROCK WEATHERING 

General Significance of Weathering 

Au. the materials of the outer or crturtsl portion of the earth arc 
subject to tease !cm ebangr- UmSrr the action uf the weather uru! other 
more or less closely rrJatrd agencies* even the hardest anti most resistaor 
rocks crumble or decay in the course of time (FiggL 4.1?, 43, 4.5,. and 4 b !, 
Weathering effects are, is 4 rule, scarce I y noticeable during the ordinary 
span ui 4 human life, boi s during the eons of geological rimr. wraihrring 
pj oersscs have been rdcntlr^ly at wort upon the surface and ririu- 
surjace portions of the earth* causing such tremendous quantities of rock 
material to be broken up and d^wiposed thar the lands have been pro¬ 
foundly affected^ In fact, most of the materials bv far which make up 
thr vast hitdir- of sectuiiriitary rocks are products of rock writhe ring 
which luivr been traitspariej from their place* of origin. 

In its earlier application, rhe tcrni weathering usually mdudfd only 
the direct action of the weather or atmospheric agencies upon rocks 
and minerals, causing them in break up nr decoy. According to present 
usage, trialhrrk if comprise* all processes, such as mechanical acrion oi 
temperature changes* freezing of water, organisms, rain wafer.. and 
lightning, and the chemical action oi atmospheric gasrs. water, and 
organisms, u hereby rocks -if arij near the earths surface break up, 
decay, or crumble. Even a* thus broadly defined, the direct action of 
the weather is thr most important factor in the complex set of processes 
rolled weathering. 


R \rt or Weathering 

The rate ofwrathetbg depends upon the nature of the rucks. and 
the kinds uni Nffiiditium of the weathering Agents which nutate upon 
them, it is .1 matter of common knowledge rbir mrniy stone buildings 
and monuments show marked effects of wealhrrinj^ An excellent ease 
ill point is Westminster Abbey in London which was built of weak, 
rather porous stone in the thirteenth century. Many of ils outer stories 
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are badly wtithercdi some erf it* onunnrntd. carved parti having been 
reduced to shapeless forms* Many of ibe exterior carvlngs of soft June- 
^m nt« of ili r LeniVre in Paris are aim badly weathered, Inwrription* on 
many 1 iimitntutirs anil monuments only one or two centuries old arc often 
nearly, or quite, illegible, due to weathering- Weathering is. Hmvcvtr, 
much less rapist in the case of bind + resistant ^ifb + 1 Itltf, even rite 
polished surface of a very resistant rock, like gransic or quartzite, may 
be preserved for many yean although exposed to vrry vigorous and 
changeable weather conditions. Thctc are ways of estimating that 
many tit thousands uf years arc required for enough weathering to 
develop a soil a few feet thick from (anil fating upon) a hard rock 
like granite, 

COMPLEXITY OF WEATHEKINC PftOCKSES 

Broadly considered* there arc two gen era I processes of weathering— 
one tordumied, and the other cbemicLi l.^n mrrfmnicai wrafhmnff the 
roefc break, it|. or crumble* with little or m change in the composition 
nr the materi*!- If is cssuiT&ly a physical prates of disintegration. 
In ititmnfJ jVrtthfsir.v the composition of the rock or miners! matter 
is more or less altered during its breaking up. St is essentially 
of ,]rtav or decomposition. Alt hough the process of Jisinte gura o ««3 
decomposition may be thus distinpiishcd. nevertheless the two processes 
very commonly operate together in nature, now unc and now the other 
being predominant. 

As stated by Hhckwddrr: ri ROfk weathtrinf h due to ilur interplay 
of a number of processes. . . . Some of ihr.m are purely chemical. and 
others are strictly ineditmical. , - - Doubt less Hrtnc of these processes 
are n-p^vherr of minor importance, while nrhrrs may be powerful ofiK 
at certain times or I orally. .*-!*» *ar probable that one of 
ihese prnerises m.iy facilitate a leCcHtd, itul that in turn a third- By 
such cooperation several agents oi weathering may Induce rock frae- 
TUre where nu one of thrill could ih) it alone. 

MECHA-vicil Weathering 

Fretting and Thawing of Water. Vot only in cold countries. but 
alsio in the mountain* M region* with BcnwaJJy mild climates, alternate 
I reeving and thawing of water is an effective agency in breaking up 
rocks, especially where soils art absrrrt or very' thin, Most relatively 
hard rocks contain not only numerous natural tractates called joints 
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whidi separate rhem into more or less distinct blocks but aljui -noil 
crevices, ftsiuns, and ports. Surface water may fill tudi openings, Such 
water expand* abmiT mir-tcnth or ir^ volume mi iree/ins. nmj cxcib the 
trtmcuduuv prcv.urr of many tlimiMuiJb of pmmtls per square inch upon 
tlir wnlta oi die opening nr fissure, 1 i tile ruck is favorably sinomf, 
the pressure wrIJ widen die opening a little. Repeated free^iiie Mini 
thawing oi warer which hnejs it* way into iueb upcitmijs finally cn nsca 
even the liardest rocks to bo mechanically bruken up into sm-tlb'r ami 



Fll^ A fldd rtf targt lUl^ulnr blocks (bmvd fmm gfiiu'c hedrue*: mainly 

h\ frcrdHjc and tbavrlui* ■ -r ^.inr 1 uih 4 orrimi' in jnLnr cmfa. North 
»deOf Lisfigf* J'cafc. OitiUTado h at an a[riiuiir *f i<#b im_ 


mailer fragment*. Jointed recks derusted on ihr facts of diSs and 
sfrejJ stupe* art especially subject U> iudi action, ay *rr nUu jointed nr 
fosuted bnukirns pcbbhs. and r en xiil fuirridts. 

Insolation. By far&Arti&fl i* jnrmt changes oi temperature* involve 
mg Tiiu^tly variations in supply of heat from rhe son, causing expansion 
and contraction of rocks and minerals as factor; oi nwdumii^l weather- 
mg, The principle invoked is that all parts of a rock mass dn nor 
expand and contract at equal fares when fllbjmrd m ianpcraforc 
changes, and » streets are fet up which cause flic rock ro break, Such 
effects jrc entm conspicuous on high mountains, and on deserts not only 
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because rocks are there generally barren. but also because a daily range 
u£ so tower hki degrees in temperature i* ff-eijiLrnt- In m.\ny deserts 
rlir Nkitrr [XPTtiorie of rttfk letfgr* ami boulders expend to rile rmys of 
the »un are heated m temperature* of J 00 ° to 150* during rlir day 
and therefore, expand, hut during the night the temperature commonly 
tails 50* tu loo° f and the outer portion* at the same rocks contract 
notably, Cool rum tu a sue! drn itnrm fa time upon hut rocks ulso cause 
ei quirk lowering <jf temperature of thru outer portions. Such rapid 
cansiii(| repeated strains "! lUss turd between t lie outer and 
inner portions «f the rocks, finally cause the latter m break just is cold 
jjImjw breaks ichru plunged irirn but water* Mmr rock* corterct of two 
or more kinds of minerals, each nt which expands ;n a different fair, 
and so Additional, minor stresses noil strain* are set up, lending to pull 
apart the minerals itn) disrupt the rocks. 

Mirk welder has- recently questioned the importance of insolation as 
a factor of uT-nihering. Le k doubtful, he saw if iL iisolation t$ exrr 
ttse Mile unaided c-u±se of nock fracture. However, it seem* at legit 
passible that, by netting up sirs ins. in rucks, it aUh in Lx^ming the cohe¬ 
sion ot minivniLs facilitates ihc entrance uf moisture, and thus promote 
the breakage oi the rock by expansion due la chemical change*, 1 * lie 
bid i ms rhnt thr principle is much rile same as that involved us spheroidal 
weathering ditfoutseil bcyuud in this chapter, 

A_s tile mineral grain* of a nxk beiuuie locfirunl by tempera tuff 
changes:, watrr can more readily c-rilt-ar the bod) 1 of the melt mi tluir, in 
sufficiently ^-oli! climates. freezing of rile water will aid in .iUruptmg 
the rock. 

Exfoliation. When, due to various causes, usually including tem¬ 
perature changed, the mirer portions of rocks perl, or scale. oH in simll 
or targr stubs or shct*3 k rhr pmer^ ft called fxfnfiurioa* It frems to be 
especialII1 rffecti-vr in unitorm* niasme rcsks, with iairly Iftrgf mineral 
grainy such as gronrrr or diimte. Ruck surfaces fend to murid off by 
rhis process, ewcllmt examples being Stone Mountain in Georgia* 
and many ot the lugh mountain* of rile central am) southern Jsfcmt 
Nevada Runsrr irt California [Fig. 41). Thr printiptc of exfoliation 
is ulren like than which causes so-called "spalling of stoms in biublings 
(hiring fires, particularly when cold water is thrown on the hot sur¬ 
faces. Spoiling was wonderfully illustrated in the ruins uf the Famous 
Rhuims Cathedra). 

There is reason to believe rii&t, in many cases, large and small sheets 
«f granite and otbri missive rocks *hd! off as a result 01 relict of 
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pressure due e* removal of much overlying material by erosion 
(Fig. 67). It is explained beyond in due discussion of pints. This 
proces* ma> be am important cause of exfolittripu* 

Mechanical Action of Orgaimms. Both dfattth and Indirectly, 
plants and animals accomplish ainsidrrahlc ivnrk of fork disiiitegra- 
non. Rnnts and tninks of plants, especially of Hie higher forms. hkr 
trees, insert themselva in rock cr evict* and racks, a ltd as ihry grow 
they rxrit a powerful force, often sufficient to wdge the rock uparr 
(Fig. 4jJ. Repetitions of this wedgeworfc process often cause the 
rock to be broken into muill ingiMMts. Various rootles plants, such 



ptc, 41. EsFuliadan of granite m 3 lara* Half Bwmr, Ywmlft Na- 

liukiUl -Park 


^3 lieherck attach themselves to rack surfaces and loosen oil rock particles 
as they grow* 

Indirect action* are the overturning uf trees* causing relatively fresh 
rock ncaterirJs to hr brought to the surface him! letter exposed eo weath¬ 
ering agents* and the successive growths of roots, causing dte soil to he 
made more open and accessible to wear be ring agents 

Burrowing animal*. such as earthworms, ants, gophers, ground squir¬ 
rels. and woodchucks, aid the action of weathering agents both by bring¬ 
ing fresher materials w rhr surface and b\ Allowing more ready access 
of such agents m the surface materials. Earthworms perform 4 remark¬ 
able work of soil disintKgnttion^ They pass soil rhrotsgli fhrir bodfe* 
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in order to extract the vegetable matter from it, and in ttm way the? 
hits of soil arc ground up into still fitter partid.es. It has been esti¬ 
mated tint, in humid,. temperate regions, the many thousands of earth- 
wirnw per flL-rc completely work over a soil layer from six inches to a 
foot thick once every half-century,, 

Action of Rain, Wind, and Lightning, Mechanical weathering is 
accomplished in snmer measure on relatively lot jgc rocks and soHs. hy 
the impact of raindrops and by the force of the wind, whereby rock 



Fu; A ^Timing ir*s ipllttlrcj: a kuldfr «sf grume*. Cuvet County, 
Dakota. (Cburielj of [he 15*1 Forest Service.) 


fragments arc loosened from their pfidronsu Lightning often shutters 
ruck- in region* where electrical storms are frequent, but its total effect 
it relatively small. F»r«t tires caused by lightning subject rocks to 
intense heat locally mi iletfioy vegetation, thus aiding weathering. 


Chemical Weathewnc 

Salutton. Most rocks are only very slightly and slowly affected 
by the solvent action u| perfectly pure water, iiuch water is L however, 
not found in nature bctmtfc certain particularly oxygen ami car- 
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borne acid arc fllway? dissolved ill ir r calling the solvent porter 
of the water tn be notably increased. Pure Imu-stone is slowly, bui com¬ 
pletely, dublr iii such water, and the dissolved nmtri I* carried iway 
tn streams. In an impute liiiH->tnm\ nnl> the impurities rent! in k- 
main. \Ylvrn rocks, whilst mineral grams arc Cemented. rrr held to¬ 
gether. by tuny- matcri'lll* arc subjected to the Action f>i carbonated 
water the limy material is dissolved and earned amu, -nni the sand 
grsiito arr left. Thus tile rock crumbles. Mam water? have fhrtr 
solvent power increased In tJie pmeftce of other arid* obtained from 



Fjc. 43. A Itrffff of pm niff *Wvm(| haw bring Fiilargrd by uiwnpbmc 

apriitE, Snafu ate both wediaiiiiai mil chrittMl wmUwrinff of the rwrk. 
Neur Lotlr Fiiw* California. 


tlttordprahig organic nmitrr, volcanic g^v&es eic. Natural warm thus 
charged with nscygrru earhrmte arid and other acids attack and 
dissolve minerals with greatly varying degrees oi effectiveness* It even 
only one hind of mineral in 1 rock is but slightly dissolved* the* adhesion 
of the mineral grains is lessened, and the rock tends to crumble. Some 
minerals arc rxcredingl} resistant to dilution. Tints quarts is only 
dim ly snlublr even in hot .ilL.dirjr water. Such vmnmori mineral* as 
gypsum and dilute are more nr Jess readily soluble in hoi, uirhotuter! 
water* Salt is ot course easily soluble in cold warn 

Carbon at ion T Oxidation, and Hydration. Carhoflic arid gas. which 
occurs in air, water, and Soil, has the power of chemically uniting with. 
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mu] altering the composition m r certain mineral* of ? nicks. Thit^ ninny 
rocks contain the chemical elements calcium and iron with which car* 
bnnic acid may ambme toft form cachenates of calcium and iron. 
Such a iiroct** in called rttfAufidlfon* The resulting carbonates are 
readily taken info solution and carried away b> water, fhu* causing 
the rocks in crumble* A flow, hut very Ldiporuint and widespread* proc¬ 
ess of this kind is the aUcrition of the very cnmmnn mineral irldspar 
bv carbonated water to kaolin (or clay), siJico Mir quarts), and a 
soluble carhimatr- Tfita action takes place during the decomposition of 
a hard, rchtstuni igneous tuck, like: granite. 

Oxygen Hiccurs in air and vrdl, and dissolved in wafer. It is a very 



Flu, A Mgr vl ft*k iliuuflOff n cm vcrtuxn appearance due to removal *f 
certain muit sedidm pud easily vreartwiird materia]. North ill 
Cdihirnk 

important chemical upcnt «f decay of man' rocks unJ minerals. The 
proem of 0* uivtfan c«n«tst» ill the chemical union ut «X'*ni with am- 
chcmical element, as verj often huppctw With the irm contained in 
siicli fuiiiiiiuii minerals as pvntr, hi retire-mica, hcfubleiuic 1,111 ajnphi- 
bdlci, jtml migite ta piroxeiic). Hie familiar ruling of iron involves 
o\ illation, that », a chemical union of tile iron with oxygen of air or 
water. 

The process of krtimtian comics in the dirmicd onion oi water 
with certain compounds The principle i> well itlmtratrd hy the riiittng 
of iron which, on ^xposurE to air and moistures unite* with oxy^cri 
to form ifon-oxidc, and then unices with water to breome yellow or 
brou'H hydrated Itfcfctt-oxide (the Bewailed “rust ). M nn V fwbs con- 
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tain iron not ■* suih, but in chemical combination with other clcments- 
Whrn such item-bearing mine rah in rods* are subjected to the action of 
imyRtn and water, the iron very ttumnonly unite* with Wh oxygen 
and water fo form vaHnu* hydrated imnox ides, ranging in color fnrnt 
yellow to reddish brown* Many nf the striking colors of great rode 
lomiatkms of the earth have thus been produced. An excellent* large¬ 
st air sample of gorgeous coloring so produced h the Grand Canyon o/ 
Yd low* tone Park whose iron-rich lava nx - i has been highly decomposed. 

Curb* ination, oxidation, and hydra!toil ate .ill very miportnnT factor* 
in the chemical weathering, or dcrampo*irmn+ of rocks, Increase in 
volume nf the rocks sheeted is caused by all three pmccsscs, and the 
stresses and strains which develop as a result of volume increase tend 
to cause the rocks ta crumble. In some eases the resulting materials, 
such as CLiibonate, art dissolved and carded away by water, thus in- 
ur.Mng rhr pm nitty, and lessening rbi- jrmigth of thr rocks affected, 

Chemical Action of Organisms. Bacteria ate wry ahuudani no! 
nn|y in vuils. hut aUn on hare rocks- Out- group has the remarkable 
po\w of forming nitric add from certain eoiBthucnts (especially am¬ 
monia) of air. water, and soiL and this acid attach and alters various 
minerals. Decaying plant*, as well aa roots of living plants, produce 
carbonic add anil other adds which alter the composition of various 
minerals in rucks. 

Certain animals also bring about chemical weathering. Thus the 
soil particles which are worked over arid carried by ants and earthworms 
are acted upon by organic chemical agents or acids secreted by these 
atiitnak. 

Spheroidal Weathering. When water com lining dissolved 
enter* a wk mass 1 particularh nor which is brie grained and bfimir- 
getitfoiis), which h divided into rectangular block* by (mures, such as 
joint cracks ( Fig. 4,5 J s the suluriuns wnrk their way along the cracks 
and attack all surfaces at tilt: rock noth which they come into contact, 
and tlirre cause decomposition which slowly cats into the block.-, of solid 
rude# Nut only do the edg^. and itill more go the comers, have grey ter 
surface exposed to the *0 hi firms hut aki they are attacked from two 
or three dim - tin ns at once with Irkdihnml nf being affected by the Strang¬ 
est solutions. Tlir romrr* of iht: Mucks of rock will, therefore, most 
rapidly be weathered, the edges next most rapidly, and the faces least. 
The new substance* thus formed bv oxidation, hydration, and carbona- 
tiurt arc greater in volume than the unaltered material, and *0 "strains 
are set up which tend to separate the bulkier new matrrhd from the 
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core of unaltered ruck. - . . The squared, block b by thii prw J c^ trans¬ 
formed into a spheroidal coir of still unaltered rock wrapped in layers 
of decomposed materia], like the outer wrappings of an onion" \ Hobbs}* 
They are usually ri 11 bedded ici thoroughly decorn|H 35 cd mateitah 1 he 



Fee. +$, SphciGotal weathering in W&U Western Situ* Monks Monniali^. 
CjKifofnia fFlgtu hi I’, & Urn in, IV.l 


process. described i* oiled i/'htnfida! or wurttfrit utfUhrrwp* and the 
resulting boulders are rolled AojJJerr **f tirrtunjHt*itiQti* It is to tw noted 
that rhey are produced mainly by chemical xrrnthrrrn^ whereas boulders 
of cxfolhititui result from media meal weathering. 


Acer 7.1 vi uios‘ 5 = of PiMim/rra of WiMTHtmi^n 

Talus. A mast? of rnck fr^i^mcntft of various sires and shapes result¬ 
ing from the weathering of :i dift ni ireep slope, and lying ar the base 
of the cliff or slope is called tnfu*. Temperature dianga (exfotinrioo 3, 
ami free ring and riiawing of water ml cracks, -rre the principal weather- 
frig agent* which produce talus material. A$ the fragments are Jonsened 
from the cliff nr steep ledge they fat], d«lc\ nr roll down until the angle 
of slope is ton fow for them to continue. The angle of slope of a 
talus pile generally ranges from about 25* to 4*> a . The tendency b 
for the brgir^t blocks of rock to accumulate toward the bortom of a 
talus dope because the momentuin carried such masses farther. In 
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mountainous region* of frrvrrc dimutr with Ktr.ii and r»piit chfUtges to 
temperature, the condition are esprdnlily fortirahJe for large amimuln- 
|jnn> nf talus ^ich deposits ;i mining lengths and depth!! of bundled^ 
or even thousands nt Irrcr (Fig, 4b ?. 

Boulder Fields Due 10 Weathering. Fa-Id* of rounded boulders 
luay a bo fonlr primarily from ehenihjiJ wrathmijg, Tims, dir body 
of bedrock may hr attacked much more vigorously by tigtiits of <jr- 
composition aloptg cr&dk*, figures or more porno* parti than it h in 
it* mure 4olid portion i between flic crncks or poimu parts There also 



Fh'h, 4fi, A cU# of joints iat-a ami rqlu* dope* Crater Lafcs Or?g<rrt. (FMa 
b Ji ^ DilEcr, V. S, GrtrtrcEicnf Survey. > 


mav be local poriJems of the bedrock which are harder or more mmum 
lo flie weathering a^cim than the general body o! the rock. In rithi-f 
caw. tine tendency is for mure or lf-s* rmmdi-d blocks of rdntivcly fresh 
rock tr. he left as enr^ in the midst nf highly decomposed material. 
Removal ot the drconiposed material by rain, streams, or wind will tend 
to leave an accumulation of the boulders at the surface. Some of the 
boulders mi (Im category are boulders of dcauDpo&tfian already dtv^ribed 
as resulting from spheroidal weathering. 

Man Ik Rock. Most of the hn nh nf the earth .src covered by a 
superficial layer or looter, earthly material railed m/mitc rote which. 
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whfmTr it occur?, rats ispon the bedrock of the earth** crust. Where 
the bedrock is exposed at the earth's surtaer it is said to Quitrvp . There 
arc two impurtanE Lirsdb ot mantle rock. One is the mantle rock which 
now rest* upon the bedrock just where it was formed through the proc- 
ri^ of weathering, that h> it is rtiiduiil mmth n&ri, repraruring a 
direct accumulation of weathered rock mate rill. The other h mantle 
rock which has Keen carried to lu present position upon the bedrock, 
mainly by water; vvnid, or glaciers, rhai is, it is rt^as/*Qrtfd maiiih 
representing an indirect accumulation of material mostly made up of 



Fig. 4*. A highly Join red mas? of diarize olrnosi completely eavrmJ by bolder* 
Eif ivraib-finsj. Stunt of rh< jointed htdiDCk %Wi? 4t tbr riuhu Seven 
mib wBi Coyote Weth 


productv of weathering. Our present concern it chiefly with thr residual 
rock mantle, while transported mantle rock i> treated in several of the 
succeed in g chapters. The residual mantle dors not rest by sharp cop- 
tart upon the bedrock, but racfier it grades downward through partly 
weathered rock in to utuvrathcred rock. The transported man tie rot k 
iriis chsracierfstically by sharp contact ujsun the bedrock, from which 
tatter it usually differs notably in cfittipusitinn. Although flip processes 
of weathering arc intiveml anti unceasing in thrir a-, rimi over nil the 
lands* nevertheless there :srr many places when: conditions favor re¬ 
moval of the products of weathering fully as fast ns they ire brined* 
and so bare rock surfaces are left exposed. 
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,-Uk 4 It. Frtnh p;nni<r n bmcmil gtjiJtaff iijnnrrd thmugh nr\tm nw?k nauJ 

hurt irtic unL W&shJ*i£iMi* D, C I Afler G P. Mai? it I, L\ & Na- 
tirpnsS Mumm.) 
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The very widespread mantle rock :s nt great geological rnipitrtsrtce 
Jn several ways. Mast oi the vegetation uf the la mi for countless 
ikges lias grown lit its upper portion. It is the chief source of supply 
uf 1 he ^cdinieiit raum'd by reams, and thus a great .ltd to tTOTort as 
we shall Jearn i$i a sticaroling chapter. As an actual mantle it greatly 
retards the rapidity of w'eafhcnng of the bedrock underneath it. 

Soils* The soils uf the world arr either directlj nr indirectly 
verv largely rhe products oi iwkwEatfrcri ng. Tn a vrr> minor extent 



Pro. i'i, A hill of snifl ihair capped a bed "f hint mnditimev Thr itt&i* 
are ftHwc; wJih attgtllif bluCk* nf siml*urie derived I rod* «hr «dl 
Jointed cap rack. Fclrifietl Foretf. Arizona, 


soils res id r from vegetation, In rhr strict *ensc of the word, for/ h the 
relatively ptiS&ut, tine grained* upper portion of the mantle rock am- 
taming m id mix ture of vegetable matter, and capable or supporting 
plant life, The term is, fowtwr, often used rather loosely. Just 
*i-i we distinguish two genrral kinds of maiiilr rucks, so we must recog¬ 
nize two kinds of soils, namely, residual and transported. Residual with 
here claim our chief attention because they arc direct attumillations of 
products of weathering. 

Rnidiwi soil, with its admixture of decomposing rentable matter 
causing it to have a more or less dark color, always grades downward 
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into mfonit which llSunlli) contains t ragmen!* nr partly decayed rock 
ami little nr no vegetable mutter. The subsoil in rum parses bj ini- 
pcrceprible change downward into partly decayed r&tten rm k. ami this 
latter final h grades into the urn jerking, unaltered* fnah rm£\ These 
vjriC luj *fcigr* mr mill illustrated by FigHfc 4W. 

Residua] will are very extended > developed in the southern states 
or the United State*. and tramp*?ted jmh. Irk by rhr: ijrcat glacier oi 
the lee Agt. arc vimy wirtfsprciui over the northeastern states. True 
still* are usually not more rhrm a revv feet thick but soil plus subsoil 
□nd ratten rock may be scores, nr exceptionally hundreds, of feet thick. 

Considering the large number of <liffcrtcii minerals and nxkx which 
£tvc rise to soils, ami thr varying conditions under which the marerird-. 
pirr weathered, it h trot surpmidg that there are marry kinds of soils, 
In tact, probably un two snris tram reasonably separate regions are just 
alike. Only a few of rhr more general soil types will be mentioned 
briefly- Thus, clay consists very largely of exceedingly finely divided 
knoll m Sami h composed of sand graiti?, mostly quartz, Lttflm K .1 
mixture ol sand and day. l/mf is a vny dark ml exceedingly rich 
b decayed vegetable matter, A fart i> a Wl rich in limy material rhnt 
K in carbonate or lime. These very common kinds of soik show all 
soft* of gradations intn each other. 


i'loVEMEhTTB Of W>_,vn i ER El i PjtfHJVOTS 

We shall now briefly consider sonic of the ways by which products 
of weathering are moved (rum their places of q right. 

Attention has already been called to the accumulation of talus by 
the hilling. rollings and sliding of rock fragments which are loosened 
by weathering from cli& and sleep slopes. Clr.ral.1 related to this action 
is rhr movement of rode debris in ^o- ailed *f*ch $t&rirr$ or '"stone rivers 1 ' 
tinder certain conditions of cold climate. These are great masses ni 
talus hundreds nr even thn usings of fere bng P which slowly move 
down mountainsides or strep valley^ its in parts oi Colorado. Ex- 
ttfnsdlv they jrivc somewhat ul the appearance of a glacier™ The 
motion results from gravity aided by alternate freezing and thawing of 
water which fills the spa-'c* between the myk fragments 

Sail errff ii a common process hi which mantle rock and soil move 
down dopes, When water-charged sot! freezes the rock fragment* are 
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Iiftri] sonii’U'h.ir h\ thr rxpunsiori .it right angld to fhv du[vr. or surface 
os tile bill or mountain. On thawing, the ruck KVagiiieinis ore pulled 
down vertically by gravity and thus they mm* downhill .1 tittle, 

Rt'Ffifi.it tliis pnKT^ cans** rhr \vh air *oj] mantle tn t-ImvJy move 

or “crap” down the slope* 

Sudden movement of massis oi rock debris down jncumnunsidr* 01 



FiO- 50. Vdmiik luff ireath* red iml inlrimiH^ teulptured, mmlnly by rn hi 
waflh. W heder Nanoonl MoULunrm, Oibrjidn. (CtHlrttty of ihr V . 5. 
FurrM $rrrkr.J 


htlUiilei 4ft called tundriMn. .Among various eau*r* of *m:h move* 
Clients an i earthquake j}invL>; mid emitting ui the masse* (if dchrii by 
streams, thus weakening the mpprirr toward t!sr bottom; ,i:id ^tnmtiou 
or The mass with water* thus increasing its Weight ;md lessening the 
friction of the nock fragments. In many cases not only thr soil or 
mantle rock, but also much bedrock of a mountainside, takes part in a 
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landslide, Tlii* happened it Frank in Alberta, Camdn H in lonj, when 
the whole race or a Tnmmtain seven I thousand feet hi^h sitddmly gave 
\vAy> causing about 4iJ p t*Xi b {XKj cubic yards of rock maternal tu rush 
Homa into and partly across, a valley. Landslides are euittrtion, and 
cna.ni disastretuj owes have occurred. AvaUndie*. of snow also often 
carry crmdi rwk debris down with dicuu 


fie. jib Effi^r* d/ unequal wrqrfoermg md cmlon of nearly wcmVal bed* or 
red unuUlont Ujuik k u *t tbr (J<nk CdurEiijii, 

By the direct action of rain loom? mutcriill not too rhormighiy 
protected b> vegetation nrs: carried from higher to lower tcvrls. 

Streams, wind, and glaciers arc by far the greatest agents ot trans¬ 
portation of mantle rock. Including soiL Water is roost effective in 
humid region*; wind in arid regions; and glaciers in cold regions. AU 
»j these -ire very LTuportani £ rotagi cully, and they arc dealt with at 
some length in succeeding chapter** 
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Effects <if Differential Weathering. .Most rode masses tire nor 
uniform in mmpositinfi, texture, arid srrucrjrc. Some portions arc. 
there fore, more readily attacked by ggents of weathering thin others, 
so that they are eaten 


into or etched out while 
the more rcitistam part* 
utc left to 4 taiid out in 
relief. Alt tndi Casa of 
unequal weathering of 
rock masses are referred 
to as differ tutud tv rathrr- 
tUff- Such unequal 
weathering is a very com* 
moo plirnommun to be 
observed in exposed k-d- 
roefc idinost anywhere. A 
few examples will suffice 
to mate the principle 
dear. 

LitWStone nr Jimv 
saridsmne is particularly 
likely to become honey ■ 
combed, deeply pitted, nr 
fluted where agents of 
weathering etch out the 
weaker and more soluble 
portion*. 

Where n rock mass of 
any kind is transected by 
natural cracks eaJ]«f 

fainti ( see Fi^. 65 ] n the tendency is for the tracks to become enlarged 
while the intervening masses®! ruck stand out more and more separately 
in relief. Where vertical joints cttsfr-eul each other in clmel) tpmrcd 
groups, leaving relatively large mtHrutiled hlodksof rock between them, 
the tendency often is for the Weather tn remove the jointed material and 
leave the solid cores which themselves become less angular under rile 
action iif the weather. Among many excellent examples are tht Cathe¬ 
dral ^pire^ in the Garden of the God*. Colorado (Fig. 51 )► and the 


JFv- -jt. A remark ably h a kneed mk r^nhing 
from nnraiiiil withering. Near La Vmj, 
Cofnidih (CouTtnj ul ibe Lf* 5 . F^rrw 
Sc nr ice.) 



74 


RUCK WEATHERING 





many wonderful mnuriil monuments ne&r Duuglus, Arizona (Fig. $ 3 'h 
Great joint hlihzk^ imlj partly etchrd hut arc wonderfully displayed in 
the ivalli oi Zion Canyon, Utah il ; ig* 05 h A most tram Lib lr mm 

oi joint columns nocors in 


Bryce Canyon, and also in 
CciliiT Brinks., L.fcali, 
Where veins (p. 24,1) 
or dike* {p. 97 ) □{ hard 

miteriati filter sect ledges 
of weaker rock*, the vein 
or dike mactrid oiren 
sEarsds unE in bald rclurl 
in ihr midst at the etched 
out genera! body of 
weaker rock < Fig. 82). 

Rock formations 
which isre Arranged in 
layers Usually stratified) 
often possess variable de¬ 
grees of resistance to the 
Weather. Where such 
mcLs ait in homantal 
posirinn or gently in- 
dined, ihr tendency is for 
the more resistant lasers 
to form cliffs, or cvrn 
ovE-rhanging ledger, while 
the weaker layers crumble 
down to talm slopes. Such 
dificrentiat weathering is 
ErandJy displayed in the 
Grand Cam on of Ari¬ 
zona f Fig. 1 1 2 J. If rhe 
lock layers arr siceply in- 
dined nr i n heal drr tendency is tor the more tisiifnm layers tn stand 
ml in relief (Fig, jt), 

U Ii tviiient. Imm what his bem said, elm iMcrrntia! weathering 
an important pan in the detailed wulprufins oi thr la ml. Mam 
or the more striking, minor features tjf landscapes, such as jagged penis, 
pinnacle*, ridges, and cliffe. have been so sculptured- Acting aIhhe, 


Fn:, j;, Nn’ii[ columns ^nhim; frum Mraflicf 1 

is'*5 -if rir-iilio bora, Star Dvnjfjk*, Ariioflfi, 
1 Fhotu j. j. Arsutruu^j 
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however* differential withering cannr>t proceed very far because the 
weathered products must be removed feroded 1 by some aj*pfiE such as? 
wind nr running water in order that new surfaces oi the rock may 
Ik exposed to the sculpturing prm-e&sr*. 

R-elatiox nr Weather]kg to Eaft&tox 

The term r/ori&u comprises all rhti processes whereby the lands are 
worn dnwir More ipetLlitrally* it involves the breaking up, decay, 
nnil transportation of materials at and near the earthN -surface by 
weathering until union, ami by the inerlinnic.il acrum ns numiiw water, 
waves t moving icr, or winds which use rocl rragnieRt» .l> took, 'The 
term 1 'erosion" 1 is chu- of the Diost important in die science of geology, 

] t in clude* five pr ocesses as _ m 3 lows: . :wcitlhmji g L cnrras ion. ^J .urmu, 
Erasure, and transnor tat tom j as just explained a t sutnc 

length, duns muefa roefc m diMriil in lie broken up and decompose d. 
It bj.tl^pdope, iiu important Preparatory process or factor of, enmunj 













CHAPTER Vi 


STRUCTURE OF THE EARTH'S CRUST 

Struct! Section 

It h itanall) impnrtanr part of the business of the geologist, 
in repining on the gtdogy of a region,, mi only to make a map depict- 
ins the surface distribution of the various rock fortnntmm, but also to 



Fi«. $*. Uia^riun JFTia^-j t atfnc Orurtnrf Kttkm through rhe i-oldtii!, mrainiAiiioiiA 
region of HarrlibiiEg, Pennsylvania b> A. K_ E ^btrtk.j 

represent graphically the underground relations of the vjfrioui forma- 
titftiB K rueaie of so called ‘‘stmetufr swtioiW 

A itrmturr icr/toiI show's the re!adorn of the rock? nf a region is 
they would appear, from the surface downward, on the face of a 
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vertical slice through * pan uf rlur earfh\ crust along a certain liur. 

I hiH, in Figure 54 Hie structure aectiuri ihuu> the subsurface posiriom 
of the various lorat^tjqt^ along the line AA of the occt^npiuiyin| aicA 
HPnhtii niap. In ji block diagram { Fie, 201} if is feasible to combine 
with structure sections on two sides, either the surface distribution of 
formations, or the relief, or both. A careful study of Figures 54 and 
201 should serve to make dear the principle of the structure section. 


Outcrop* Dip, Asti Strike 

Outcrop, Several temtt are very commonly employed in dealing 
with fhe arTMigroaem {rtruciutri of the rocks of the earth'* crust. One 
of these term* i* <utk r*fi, which mcaria any surface cjqxrsurc uj the 

.Lcr lying bed rock. The 

term r^r/ exposure h 
sometimes used as a svn- 

my m. It w happens that 

the bedrock formations 
are, in most regions 
largely cotter alaJ under 
cover of soih, loose rock 
fragments, glacial depos¬ 
it*- vegetation, water, we $ Fic, sj. A block diagnun iHtutfatiti* dip *nd 
or snow. In high maun- mikt in liJictl strata, 

tains, or in other regions 

where rroskm is- preceding rapidly, outcrops air jjiw rally much more 
rimra-roiis and extensive than in rrgKKis where sediments have recently 
hern, i>r are being, deported- It is very generally true that the surface 
distribution of rode formations, and rhe under ground structures of n 
rcjrioii, arc worked out by a careful study of the outcrops* Where the 
geologic structure h simple rdsrivch few outcrop may suffice, but 
where it 3* vrrj complex many ruitcmps must be found and carefully 
studied in order to determine the struct ore. 

Dip and Strikei In many regions, particularly in mountains fitc 
the Appalachians I including New England j + the Kockics, and the Sit ji4t 
Nevada, rock lasers and formations are not m\\\ variously tilted or Em 
dined, bur also they show marked deviation* in trend icxnsv country. 
Fwo terms are used Eo de^ipuitr such varhricirts in tilt ami trend—dip 
and strike. Dip » the indination of a rock layer ta a horizontal plane 
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(or Irvel Furface). Two element# are involved k namely, amount pf dip 
anil Jirrctim 0/ dip. By meiim of a ooraft&sa provided with 11 miulJI 
pendulum free to move over a gTOJclii>ited halt-dirk-, aimmnt ami direr- 
turn uf dip are determined- Examples ot notebook record's would be 

dip 20", $,4.0'- W.; mp 65*, N-JO' E*. etc* Sink* is the lint of inter¬ 
section ot a dipping or tilted layer with .1 horizontal plane {nr level sur¬ 
face L Or it may hr defined at the direction l or trend) at a homuntal 
line on the siiiiucr oe an nutcnippinu rock layer- Srnke b recorded thus: 
Xjd W., E„ etc. When tin: direction at dip i$ recorded it h 

not necessary to give the strike because dip and strike flic always at 
right angles, as dearly shown by Figure 55. 


I’m, ns 

Zones of Flow and Fracture, A ftrld b 1 bend in a ruck layer, 
bed, or formation. An) rode t ttiss* when subjected to sufficient pressure, 



FV- An ROfkUdf iii PaltnynEr *ircun nrcjf Hantwk, Matyland. {After Wal- 
-tf, U, S- GfUlojjIc jl Shtvcv. ; 

or Stress or strain, within the earth's crust, must cither hrml, flatten 
out, nr fracture. Rork bend* *rr fotdr. uul fracture* are Joints, fissure*, 
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or faults. Bending ami Ha t renin l; arc both comprised antler the lenn 
iwl which mram a pctttuirtcnt change u: form of a rock by 

procure, hut without ih-tabb- lr.ktnr«;. Wh% do twlty wiiilftimr. bmd, 
and :it other riuji^ break? The earth has, for many millions of years, 
been a shrinking body. Mans stresses, steams, and pressures hove been 
sc! up in the crustal CuiLtn J pentinn of the Wurth us it has bteti adjusting 
or attnmmodatiity, Itself tu the egntractiJig interior. Due to such forces. 



FlC. 57 . A tyiidinc Bear HnccwAt frfairfand. \ After Wakati h U. $, CrculogkaJ 

Sun cy,) 


tile rocks at and near the earth's surface hive, in mariv places, been 
more or less pmioumifa fiacttm\l, and often subjected to sudden mine- 
men a. while the rock* well within riie crustal portion, that ts, luiuallfr 
from some thousji mh of feet to miles <(owr» have, rn tnauiy placet, been 
J elided. or even mimpled- For such reason* the surface md ncar-surface 
pi min ha ei i the crust mat be, in ;i general way; called the eqw $f fmc- 
iun. while deeper portions may be cal fad rhe s&mj l / tf vu\ Rocks 
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(even the hardest) behave like plastic male rials when subjected to Cfeat 
pressure well within rhr smne nf flow, hih1 p therefore, they bend or flat¬ 
ten nut imtrnd or break, because ii! the ^reut weight of overlying 
wrrisiL This oirccltdon lin> bent confirmed In laboratory cjpcrimrubi 
in which small masses ui rocks have bran siibirctcil to slow, differential 
pressure equivalent to (hat which obtains miles within the earth* Such 
masses Jtgve been made to change shape notably without fracture, 

Thr idea of depth should not* however, be Mu much emphasised 
in considering thr /ones of flow and fracture beciuse three are other 
conditioning tnctor*. Thus, very soft, plastic fuck male rials like wet 
day ar nr near the surface will readily flow under pressure, while very 
hard, rigid rocks like granite will usually Bow only at depths of miles- 

AfiAin. a very slowly ap¬ 
plied pressure may cause a 
relatively hurt! track to 
Unw or (lend much nearer 
rhr surface while- a quick¬ 
ly applied pressure may 
cause a relatively soli rock 
in fracture at a consider¬ 
able depth. 

Kinds of Folds. As 
already stated, a mvk 
bend is a frdd. A simple 
□ nrhcdmp fold k :in oir/jt- 

f/fjte (Fig. 5<>k A iy» + 

r/wtr is an inverted anti¬ 
cline, or a down hem told 
(Fig, 57)* The Hanks uf 
rlie fold are its limbs, and the crest line (or the trough line) is its m If. 
The inclination of the axis 10 4 hamonrnl plane is the pi //h or filling. 
These features^ as well as dip and strike, arc all clearh represented 
by the accompanying diagrams i Fig. fiX 3 . 

When .1 iuId h.i4 hut one limb, thitc : s r when It* layer* incline In 
one direction only, it i* called a 

In an bf/iMl /*/*/. or 4 serves of sncfi hilds p the limbs art parallel 
nr nearly hnch folds mdintr great dtpees of pressure ( Fig. f^)). 

An Qiwriitriwi hid is one in winch one limb is partly doubled under 
the other {Fig. 61}» and a tnumbrni futd is no extreme case ui twer- 



Fit. 5$. Diograrm ifltnr rating pan* ai fnlds- 
(Alter Wi.31^ L'. S, GnbjpcaJ Surrey-; 
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turning in u'tich the IiedIts lie m tirjj(y or cjuiic horizuiHal postri^n. 
The latter indicate* great application of preSMirr, 

Hie tcim* unfit Iworiuni jml tyuflimrium may he n*ed to designate 
respectively, complex, anticlinal ami synclinal structures (Fig. 62). 

1 hr term d*tmt is soc net lines applidi io ;i special ry pc nf anticline 
in which the a*is U nearly nr quite reduced to Kero, that k. the limbs 
dip downward in .til directions from 11 top id the fold- A sytidinul 
inn i n is an inverted Jmitr T 

Suds terms ^ t^nlct* tiunt. 1 rr nuhitmm. nr 



Fiq $$ r 5 e r ctE ii *!iarpT_i firiJcd luta a nt rin of intivliiiei atvd lyiidirhi. Calirn 

H J11 1 lu a r Dagjjr ti. t jI if nr ni j , 


ffsrruyatiortt arc often applied to intent foldings of Atraf.i. «i>ecfall> 
on small scalei i fig. tij). 

Under certain tttruLitioEis, ^i&cb jq* differ* 1 nmJ trsnverpent within a 
mass, local difference* in rigidinr of the rodh, etc., certain layers may 
become folded or cantomd, white immediately adjacent layers are little 
or tide affected. 

Examples of Folds* FoJlLs range in both width and length from 
nnemscopic in mimy miles. Most folds, especially the large ones, de¬ 
velop very slmvlj, that l>, the prated may require thousands, or even 
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F ia 6 cl D 3 i^natnitie ■ r rurtuf e i*i n *hm* nig 

bodraiE faith* (After Van Nik.) 


hundreds of thousands, of 
years. Figure 6j illtis- 
tr*SF$ Ninnll HTufr folds or 
toutorriom. T1 ur U i i ita 
ife nf nnrrhrrti L-rak 
milo lung and wide, 
i* csscrmilj) n prut, sim¬ 
ple anticline whose limbs 
dip at verv low angles* 
The jura Mourn 
twwn Swirv.nlaiHl a inf 
France contain n series of 
moderate!) folded, sym- 
nirtricalp little eroded amrflinrs and syndincs (Fig* 197). In parts 
of the northern Rockies of rhe United States, the anticlines ami sin- 
elicit arc considerably 
BqiMTr.fd together and 
c a tiler lEeupb - - -! ■ - i i Fiji. 

I99), The Appalachian 

.Mountains exhibit almost 
all known kind* 111 folds* 
and mi almost all scales 
up to miles across. Irk 
Pcnnsyhmiin the rocks f rtm 

are Jm severely folded 

than they are in the south¬ 
ern Appalachians, The rocb of the Up* Isnvr tern sn severely folded 
a* to give rise to m almost unbelievably complicated structure which 
invokes various kinds of tulds. 


IHaij 73 ijjnuinEc ncnmci nf an uvrircirn^ 
kiftL \ After Van Hiir.3 


Wahs‘s 

Thr tartli's crust may Ik grntJ> imfitd by diastropMc forces which 
operate vertically, causing: some arifjis to rue while others sink. Sudi 
mHvriMnts arc usually -him rn, causing warped surfaces to hr mrgnhlTV 
In alt case*. Iirmcvrr, dip* of warped surfaces, or dips of warped strata 
or Other layered roi b. so slight as to b? very locally unrtcognfeafelr. 
Tilting is a speciitl cane of warping where cent I v slopt* or dips are 
very uniform over considerable areas. are usualU bnwuJ, often 
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involving distance* of 50 to nm ny hundreds of miles* but >11141]Ier wnrp* 
arc not wiCtimmoti* 

Willis* in hh b*xdt on "Geologic Strut to m. '' dbringmshr* lietn-tw 
warping and folding .w follow*: "tn general usage tIic bmjid departure* 
nt strata from 1 ti.if attitude are called folds, :ts arc also more pro- 
cum need bends, ['here 3 * 3 difference- however. between the two kinds 



Fu- *±- Diagrammatic wdfcn rtf in iRfidinnnum, • Ann Van Him;.! 



of forms, The broad type F . * h due m vvnM mocesnents, to sub- 
sidetices. m m uplifts. The mete pronounced bends, such m comrncmly 
occur as alternating troughs and iiirlira. .trc caused In hori/mit^J com- 
prrssujn. When both kinds arc dedgnm-d by thr smite nuiue 1 cou- 
f 1 is ion of ideas results and 


fuiiy lead to wmng Ljifcr- 
enccw it is better to call 
the effects of warping 
rfrjrum* Jirtil to restrict 
rhe re mis folding mid 
folds m the mechanical 
disturbances caused by 
compression/' 

Gentle upbunds are 
failed a p u' o > p j, and 
gentle downbetuU ate 

C111 lei! 1 Aj ii r ftitfitrpj. 

Ci rear upitfirpS, in- 
yoi v i n£ d i me lesions of 

scores or liLiridinls ni miles, .ire known as prmttflintj+ and great down- 
warp* uJ similar siVr .11 < known The brier ;irof par 

ticuiar cttitugie interest beguile at t-irism* time*, and ar luriuua (dace** 
during the earth 1 * hi* ft in tbry have hern sitr* or iiccunrnlatton nf very 
extensive piles of strata reaching total thicknesses oi many thousands o’ 


Ctfrtozted Mtflta. 
California. 


Anfjelfv, 
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fcer. Such sediment-Hill'd gcmyrtdmid baiicuf Imve usually hern sub¬ 
jected to rremrndous lateral pressure, strongly folded and mUcd urto 
mountain ranges, 

JoiKts 

Nature and Occurr«iefl of Joints, Almost all consollditr ] mek 
formairons at ami near the earth's surface are intersected by system* of 
fttetura or crack* which divide tile rocks into bfnek* uf varying size, 
shap?. and spacing. When very little nr no displixsftettT of tlar.-rr adja¬ 
cent tnlh has taken pkt P such cracks art called In many 

places there are at least two sets of Joints crossing each ocher at high 

angles, and dividing the rock 
into prismatic blocks of 
rough ly uniform shape m& 
sure (Figs- 64 and 63J t In 
many other cast*! hi>wtvrr. 
numerous joint* traverse rock 
formations very irregularly^ 
The spacing of joints varies 
from a fraction of an Inch tn 
many yards, Single large 
joints arc hundreds, and even 
thousands*. of tret long and 
deep, as may often hr *E-cd in 
strep canyon wall* am! grrat 
diffs. Ic Mferuv quite remain 
that the whole mm nt frac¬ 
ture of the earth is more or 
less jointed. Joints cannot 
exist below depths of approxi¬ 
mately 12 mild because as 
d errn ins f ra rn i bv ex pc ri meiit, 
lb? tiniest cracks and crevices 
in even the hardest rocks can- 
no* remain open under rhe conditions of tremendous pressure which 
obtain at Mich depths. Joirtft very often stand in approximately vertical 
pnsiiEQhs s hrir tTlcy may fie in any position tmm vertical io even hori¬ 
zontal specially when the rocks containing them have been disturbed by 
folding or tilting, joint faces often arc remarkably smnnih and straight 
fur Ions; distances, particularly in fine grained, lufd rocks. Joint blocks 
ate usually fitted together tightly, hut sometimes rbere are very per* 



Ftir Highly jfisntrd plufmtie rock f%>- 
Ef Jlt«L ) - S rj t Si nth Hi V t r, \tni V urk. 
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rcprihle spares between them especially U the joints have been acted 
ujh in by the w«tdirr. 

Causes of Joints. Moat joints m sedimentary, igneous, md mcta- 
mnarpEnu rocks are believed to have resulted from stresses am! strains 
within the -/Mac of fracture- iiuch joints may, on the basis at origin, 
be d ass [tied as tr/uw n a nd tQrtiprmiw joints When a portfon oi the 
^one or fracture is subject to differential compression or torsional strain, 
*wiW *<> earth contraction, she rocks rend tu framm? in twn general 
■!*m of joints approximately ,n right angles to one another ver^ much 
its can be shown by esperi- 
mrnti with glass or ice. l“he 
crest portion* of folds, were 
nor mo deeply buried, ure 
iifccti stretched to the breaking 
point, resulting in system* of 
joints. The sudden alterna¬ 
tion of uytsiun and compres¬ 
sion in the zone of fracrure 
during the swift passage of 
^arihtpiakr waves k quite 
likdy a cause of many minor 
joints. It is evident that re Is- 
livdy flight strcacs and stirs ins 
may cause Join ting because 
deep, wd I-developed joints are 
often found even in large areas 
of horizontal strata. Tension 
produced by contract inn dur¬ 
ing the drying-out and consoli¬ 
dation of sediments when 
raised into bud also is prob¬ 
ably a minor cause of jointing. 

In igtteoiift nseta, mtcml of shrinkage joints no doubt often develop 
when the masses of molten materials Comract ihiring the process of cool¬ 
ing and solidiftcafran within the earths crust* 

A kind ol jointing of special interest is known ralitmitar jfrue turr¬ 
it oitrn develops by cool in k and con traction of either lava flows or 
masses of molten material which have been Jo reed into fixtures near 
the earth's surface* during the process of solidification oi the molten 
material. The effect is a splitting up or ihr body ut rock into a system 
of close-Feting prisim of varying size and shape, but usually hexagonal. 
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They are of all sizes up to several fret in diameter, and ?on or n>nre 
fret in length. Tile columns llwHjTf form al right angles lei the coding 
surf are. so that in lava flows they ore vertical* or mark sti + and in dike* 
they arc usually rpiiro&inmTelv horizontal. In wmc place* this colmn- 
itar structure h rkvduped on large tmltt with i wonderful drgffe of 
regularity a> tar example at the Devil's Fnsfpik in CaKfnmui {Fl£. 
66) i ill the Columbia River Canyon; at Devrl"s lower in Wyoming 


Fin, Remarkably tlrvd'Dpril roltilfl»ar Mmafure in lava. DftilS Pr^tpH^, 

NatiaflaJ MmiEtinciif, i ulifnniin, 1( Council? nt tfee 1 . & Form Strvin^l 

and at the GhuU* Causeway in I it I and > The PaKsadts of the Hudson 
near New York City are greats crude! j din eloped, nearly vertical joint 
prisms Uki Jeer or more high. 

Sftfrt is sometUTOT well developed in massive rocks like 

granite an.I other pliitoflic rocks. The joints ttgimlk divide ihr rock 
tritti i series <31 mult sheets rough!* ^aolltl to the surface of ^ hr earth. 
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The sheets commnnly fange in iliickorsi from 1 ™ than a font tn about 
four oi Hie Etuf I Fig, h; « . VYtll btlmi* the surface a massive nxk 
body may be in a strained wwiditiom Removal oJ the overburden tg 



Ftu. &j. Shett InJmSrtc HccraHlUftl by 1 wc alforri eS^ Nrar Tffftify-dnc Prtlttti 

CiJifurEiia, 


erosion. or even by artificial means, may relieve the strain with resultant 
splitting kx»se of succtsawc sheets hj£ die rock tmm the surface down 
for so or 1 s * * r'eet nr mor*. Such sheets arc known to ftave broken 
louse suddenly in granite quarries. 

Fxut.ts 

Definition. A fault is a fracture in the earth's crust along the face 
of which there lias hern slipping fur displacement) of the rucks lFig. 
681- The amount of such dtf placement varies from a fraction of an 
inch m many thousand# of t«t- Movement almu? a fault general!, 
takes place suddenly* and usual!) involve* distances up to ao to 40 
feet, or rarely even mo rtf. In great faults the displacement represents 
the sunMBtal of many rrhitivelt minor, sudden movement*. 

Nomenclature of Faults. Faulting is by no means always a simple 
process, and, tor a reasonable iimler-randing nf the stmcttim involved, 
it is necessary to know the principal terms applied to faults, particularly 
to the amount and direction oi movements. The accompanying dia- 
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gram* dunJd hr ruefully studied in connection with the ■Irfinitiimi 
below given | and ihb 'hi mi Id be supplrniciitd with lubu minty Mihtin 
of models am i map?, and ;j1?'k it possible, with field observations. The 
components oi faulting may be most readily comprehended by consid¬ 
ering faulted strata made up oE by era oi various kinds, but or course 
the same genet ad prlndplrs apply to fault? in urn kind of julU 

The fault tarftut b the fracture along which rhr dipping, or disloca¬ 
tion of the rucks occurs. It b better to vail it a surface than a plaui? 
because it is «ldom smooth and stnaighr fr.r am considerable distant 
SJirttnjidtt are the smoothed or scratched portions or a fault suriacf 
resulting from f net ion of movement at one curthblnck past the other, 
Fault brut tin is the crushed, broken, ant] often reermrnted roci 



at — tfipf ft — Throw; rd = nratigraphic throws heave. 

material commonly found along fault fractures, especially rile larger 
one*, due to friction during movement, In main c^k^. howir. i.r 4 tanlcs 
arc rrlaeivrlj c!t-^n H sharp breaks. 

Fault tract or rift are term? applied to the trace of the fault on 
the earth T s surface. 

Drag is the term ipptird to the local bending *A errata upward or 
downward adjacent tv the fault surface act" riling Ui direction of move¬ 
ment <if the earth bWb. It :% dm to friction of the slipping mass along 
the fault. Drag is by im means always present. 

Where one block ill earth has moved down relative to the other 
along a faulh it is called the daumthruic' and the other is called 
the upthrm 1 tide* 

\V1icre a cliff or steep slope forms on [hr upthrow d<U ^ a direct 
mull of faulting it b called a fault scarp f Fi^. jj), Fault ^carpi arc 
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dntmt always more or eroded. sometime to such an extern that no 
cliff, or steep slope, muuiris. 

The rock immediate!;. overlying a raulf surface is called the banging 
it'rttL and that itiimcdi&trlv under it is called the fo&twtifL 

Thr Mp of 3 fault, 15L- that ui a fork layer, Li thr iiidiiutiun ni it* 
■urface to a horizontal plane far level surface). 

The itritit ur a lault L iita interso-tiotl with a horizontal pfant. 



TlG. 6y, A ttilvll nnrmal fjuiE* an sbflk fctfd*. The dfspIflCemrnt ii *ix feel, 
&Cfffflthnrw hiilr i* irn thr |*ft + Lwi AngHrt, CutilonOa. 

Tin* fmJr is :}ir irtclmanrui rtf the fault surface to a vertical plane. 
It is always the complement of the dip. 

Slip is rfic distance a rock layer has nirtvird on u fault surface. It 
represents the total displacement along the fault, 

Thnttv b tiic vertical displacement or the fractured ends of a rock 
layer* 

/Ynrtv is the hori/jnir.tl dwpl^mrnr of the fractured ends of a 
rock lajtrr a^ measured ai rr^ht angles Co the strike of the fault. 

Sir&ti&rftpkh- ihr<nt i> rhe thickness of ihc rock layers lyioc between, 





Fill 7ft, Shirurfim htfifon nf » Tinrmal fanlE-MofL l^ntberi) whkrli ||si rank ibtmr 
iOoo feel hi ^riirm Nr^adl. LA fire r. S. Grol^ki] SurwtA 
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the faulted ends of a given layers as measured at right angles to the 

bqfffl. 

A or ^ttrri&rtrivr ffin It consist* oi mo or marc p.ir.ilfi’l 

(or a p pins i mufti) paraUrl) fault* d«s* together. In nn h j case ifce 
dUpLr einrnt Iij> been distribute I instead ui briu£ com cnrratol alujig 
a > ingle foul (-surface* 

,Wc/* rrmy be ffke ffiu^c,- of a oimpound fault, hut they are 

usually farther apart, and they must all dip in the same cli reafon 

(Fig- 71 Bh 

A tfrti&ifi or ten/^f is a block of earth, bounded by two ox 



C D 

Pic 74 . IHsgmmtntJic tfrnftfttn *rnloi» in lllaj^traE-r various kbrii nf fiiui[ 
Slrui^hi I[f(o ifemv lil'*kii a9 j i unafreted by cf&mlTi nmi ilvprrtstsnji, 
Ushrr ]lrn ■ .1: C priutiJc- Jijfrr rfUhiflli 1 1 lsi^h 11 rtoinj 1 1; mrl pyrtijJ nv-LfilljJ 111 
low pDriscNci- ytJi.Ii sediment, A. j ritirct htoek; B, tftp -IauO blocks; C, * 
hnrii; Hid D, 4 gtalwU. Ammi nidiute dtfn:iiw«i ill nau/rmtuU 

more faults, which ha* sunk relative to the surrounding mass of earth 
tFies. 70, 7t O) . 

A is a block of earth, bounded b'. rwn nr more fault*, which 
hsis brm rkvated relative the surround mg num of rurth ( Fig, 71 Cj- 
Kinds Of Faults, Five kind* of imdts bftstd iipoc directions m 
rmivements along thr fault surface^ may be explained briefly os follows: 

1 ■ K^rmal Aur/rt* When the fault surface dips toward the rlnivt^ 
throw side it is a normal fault I Fsg, jz h In this, ose tin- hanging 
wall Las slipped down an iodiiied fault surface rel.mic to the foniwatL 
Figure 72 ilhratratr* a very simple caie uf niirmai faulting in W™mal 
fiirata s* it would appear unaffected by troduu. Figure OS represents 
an eroded norma! fault in tilled strata. As shown by the figures* 
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normal faulting involves, a lord sternum ns tIi-t crust because 

the mrtntcd rods of fin: rucks Hiivc tarn titled apart borlzonraJh b> 
an ftriKiunt measured b\ the heave, For ibis na^nri normal faults, nrr 
sometimes culled tension fnulit* No mini imtks usually dip at reJarivdy 
high arises. 

2. Thrust faults, When the fault surface dsjH toward the up- 
throw sole it h 4 thrmt fault 1 Kir. 72). In thh case the hanging will 
hm been shoved* ur thrust, up an int 1 lined laiih surface rdativr to the 
toorwalL Figure 72 reprrsenrs a simple case of thrift faulting in 
horizontal strata is k would nppear uruiffccttd by erosion. i irncnilly 
however. the fault scarps have ferns isiorc or less obiatcrated by ero¬ 
sion. A* shown by the figures, the crust of the earth i& relativdy 
shortened by thrmt f.'uiltiug because certain b\ock± of earth are partly 
shoved nr thrust out others. For this reason thrust faults are souse- 
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7; Sufin'ruTf ttctwqb M □ -iiitipk a^rmnt Muir (m foftj ind or a simple 
fctiOdf-I iluU {cfl 


times called rtmprmiw faulty Thrust-fault surfaces are generally 

inclined (dip) at relatively bw angles 

3. JVrfiut/ fiwlhi When rhs-ir has been upward nr downward 
movement on either side ot st vertical fault-rurfacc it is a vertical fttuir* 
"Hie fault surface dips yo', or nearly so, and there rs neither hanging 
wall nor ffjnrwdll, 

4. I furn^ntat faults . When the movement luts been wholly hori¬ 
zontal, or nearly m«. on either sole of -l fas ill surface sillier inrlinnl 
or vertical), if h a horizontal fault* A sudden mnvrmcnE 01 rhss kind 
ul 2 to 22 tcct along a fault caused the California earthquake of itjQb, 
but fault movements of tbift kind are rare. 

5. Pivotal fault** When one portion of in earth block moves up¬ 
ward, and another portion nr the muh- block moves downward, on an 
axis at right angles to the huh. it is a pw&tal fault* The block nr 
one side of the fault works as though on a pivot with reference fci 
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th.=if grt the other >Ede + Thr effect r> for thr earth bluet <wl nnr ^idr of 
the fault rfactorr to be in part upthnnm f and in part dnWiilhruwii 
(Fig- 74), 

Cause of Faulting, The zones of How and fracture in the earth's 



fwi. 7t« A »hjlip M*1 juvlliiu liHu a lbfU»t bub, 1 Ailer Va JL H3*c, |- r £ r dec- 

logical $nrvry.) 

crust tinvc already been described briefly in the dijGUt&imi of the cause 
of folding. Stacks bend (or Bowl when subjected tu sufficient stress 
or strain in tbr fcnnfi of flow, while the sin>c fo rce* a use thetn to break 
in fhr zone of fracture. Every fault must, therefore 1 , dir nut downward 



Fifi. 74. Block diagram < turning rhe principle of tht pivutal or rotational fault. 

because the fracture grades into material which yields without breaking, 
Tire forces which cause faulting are compression. torsional strum* or 
tension t stretch Log) in thr otiter crustal portion nf tbr earth. Any 
such force may be everted upon a rock mn.<j until Lis breaking point 
is reached, when a fault result*, mu Jill v accompanied by sudden move¬ 
ment* This movement relieves the forte for a time, but the latter itiay 
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increasr slowly again to cjinse true wed movement along the old fracture, 
and *u tin repeatedly. 

The uitimatf tuuir nr faulting, u\ far ilmt of folding i* a mure 
difficult 4 iid uncertain matter lint In- nmni geologist*. including the 
aurhur, it i* believed t« be: intimately bound up with a shrinking earth, 
in the outer or crusts] pm ruin of which tremendous stresses and strains 
are. and tor count less ages have been, set up. 

Topographic Influence of Faulting, Matty relief feature* of the 
earth 1 both great and small, are direct nr indirect results oi faulting. 



Fir mi Pan Of The Karp irf The grc:if Hurrlcanr fault. Thr- *1-3.17*, jaev itrr 
\\i\iK has bttn mud r 7 a tv k affected hv cr/oiuiii i> fbewn by Figure 7*. 
Atuji 1 k 3D miFci iuuth of fdar Ciry, Vtali. 


If a considerable fault movciiinir of any kind, except horizontal, should 
suddenly t;ilc place, a cl it! ur sleep slope, called a fault tntrp, would 
develop on on!? side cj± the bull (Fig. 7 2). Sudden, movement of tfifs 
kind ts, u» we have already kerned, thr nuw common cause of earth¬ 
quakes A single fmivemetii rarely produce* a scarp more than fen nr 
twenty feet high, kit many repealed movements a Fong the same fault 
may develop :i scarp thousands of feet high, as along the eastern face oi 
the southern Sierra Nevada (Fie. 105). Fvtn while such 3 scarp is 
developing through many thousands of years m time, the processes of 
weathering ami ermpim set to work to cut it down and ditiibnlt m 






94 


STRUCTURE OF THE EARTH’S CRUST 


sifcpnesa. Such eroded fault scarps arc common in many parts of the 
world. 

In the course of time both suits oi 3 fruit* use lu dine tilt warp, 
may be brought P* thr ^mr Jr* el by enjsujju Ir, fhcti, tht rode 
"ii the upthrow stile ti weaker than that nn the downthrow ddc. 
and the whole region shoo Id (nr elevated* erosion would he renewed 
and the weaker rock would be worn duivn taster, causing a scarp to 
develop on the original downthrow side. Or, si the weaker rock 
should liai D>n the downthrow sidc t the scarp would again develop 
on the 11 j'throw side. Scarps thus lomird by e rosin ri along faiilh jrr 
called fua/t-Iint fi.ir/i by Davis pi rtistinguMi than from true fault 


LAVA l 



Fp«- Siruriurc action through th* Num^n. fault ttmrp piiaum! ju p*g, 
ntr 75. The 3 ejva fitUh iuip cnmibu^ti fnelmv the dulnearum. Vhv broken 
liim ihaw tint ^imcii ol cstchJuil 

scarp*. Fault-line warp* art common [n the rastmi Adirondack and 
Mohawk Valley regions of New York State, 

Thrust bulling also often causes great and small changes in topee- 
raphy- Thus the whole eastern fata o i the Rocky Mountain* in 
Glacier Park, Montana* b the front of a vast earth block wvejn] 
thousand ferE high which lias been shoved upon rhe Gtear PlaJm frc^rn 
the WFiT. Thb fault scarp has hern considerably cut into and indented 
b ) thr .Ittnm or rivers and glaCtOT- 

Throat fault icsrjtt. like normal fault scarps, may be, in the course 
of time, cut away ami fan I £-1 ine scarps developed instead* 

UttCuxrahMrrzta 

When strata are drposited in uninterrupted succession, layer upon 
layer, they are said to he ronf^muibk. Often, however, there is a break 
o t interruption in thr suCct?skm of strata which l* usual!)« indiemed hy 
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the fact that one sec of Jtrar:i rests iijHm rhe eroded surface of rmnthet 
wt, In many coses strata ns( upon the eroded .si,rt«» of igneous or 
mmnsorpluc rocks. The interrupt ion may much mere rarely be due 



FfC. 77 p Block diQSTOirj- In i,]lusTrafe a dliconfn rmity [nn th* left) and a nrm- 
ronsufipjiy t>jn ibr r|gbf). The lumry in^^lHr Ubc mqit* the eruftkitml 
Syrian ur unconformity. 


simplv to tadt of drposmon of sedinuncs for o time, with no accom¬ 
pany Jug erosion. Sets Qt racks tftutic regubr succession h thus intcr- 



Fic. -5, A eoitspieuciu* urn^n fortuity, Iliniintmaf uuifr ami grwfcb of Quater¬ 
nary ap- Tfrtiilg ujtfill lihed ind rfrulrl T'tri:m >hnlr> Near Prut San L<jj*, 
C;JiiVjr=iia lAftr; <j- W_ &iu>r. l\ S, Cj- n1 1 i^rl-r -t] Survey.I 


fypred are said to be unrMnf^nntihlf % and the itructiifc i* called an 
vnrQnfftrmity. 

\ mass of stratified M-Llbsi-ots may be raised out of water and tilted* 
folded, nr left practical^ horizontal and then eroded. Submergence 
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would allow new wdltttexhta to dvpuiit imcanfo nimbly upon the eroded 
surface* Renewed uplift flrtd partial erosion may lav bate sych an uii- 
contormity as illustrated Figure 78 in which the underlying strata 
have been highly tilted and cmdrd, and hy Figure 3(*j in which the 
underlying strata have been notably folded and eroded. 

It the upper sent ^ nf Ik\ h rests upon the eroded sutfate oi tilled 
of fuMad ^rata, or or mm-.Tratt!itd nick* ligneous or njet.unorphic) B 



Fic. jy r Htagriirnmnur wrina shifting the prindj»lt of overlap. Ihifirontal 
bn^n line* rtptrvrnl iliffrprm wage* «if h:i Itifj reEurjvi- in tfrs Eflnd, A* 
iht rnCmairhoJ ir.iiir#rd thf rt^tir iijnu1 the *uh»'iJiEig land, i!eptH*ifiuii oi 
tht ?ti3brT3tJ i, j. 5, 4h Untirr wfid ianbr eo rJie right. Eater 

fumined Liciii thm Wulip^hi; earJIcr farmed bed*. 

there is a very obvious uiHtmfomut) culled 1 n*>ti+iQnfortuity* It, how - 
ei'er, two sets of brd» separated! by .m erosion surfacr have their ^rran- 
fieafinn siiftmr> practical^ paiaUd, there is 3 mure nr lea deceptive 
unconformity culled a Jin ott/armrfy. 

A special phase of iiFiconfnrniin :h known us Qtrr/u/i an which the 
younger r overlying) strata extend farther, that is. thev cover a wider 
area, than the older I underlying) strata uxid so overlap ell r latter. 
(Overlap wdl develop when strata accumulate upon .i sloping jfra gradu¬ 
ally subsiding under water. 


1 Muoe 5 or Occulta sxce: of Igneous Rock 

Plutonic and Volcanic Rocks, In evert an elementary discussion 
of the arrangement (structure) of the rocks oi the * anti's trust, the 
modes of occurrence oi the cgniwujf rueb must be considered. Igneous 
rocks represent either molten materials which We been forced into thr 
crust of the r-irdi to cool and satidih heJuw the ’turner. at molit n ma¬ 
terials. or j figments of (nice molten materials, which have been forced 
uur upon the surface oi the earth. P Jlir former are known a* ptatonic 
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or l ? r rucks, an 1 1 ihr latter as or I'A'truiivr rocks, .Studies 

of igneous rocks ill mm y part* of the world hive shown Hi fir plumnic 
Tocb are of far greater volume than vulcanic rocks. Plutonic rocks 
become exposed at the surface ouh as a result of r fusion of the rocks 
which formerly covered [hein r VoIitaulu rocks are, m> doubt, geaicnilly 
connected with deeper* ml phi to me piasstf* through intermediate hxJg, 
reservoir of moltm mii^i of ihc latter hav ing always, or nenrl) always, 
been the sources of the volcanic mnfrnals. 

Modes of Occurrence of Plutonic Rocks, Diia. A dilt is a mass 
of igneous rock which, in a molten ctmditiufi, was to reed into, a fksure 
in the earth* crust and there lon^jlida ted. Dike- vary in width irum 
less than m inch to stveml hundred leer, amJ in length . rnnnmnly trnm 
o few (Ver to hi or j > mile*. One in England ts. about ut* miles long. 
Dikes a?r very abundant, a h'w an sung many regions being along the 



Fig. So. DilgmrrnTirtic ^rijflunr MTClioa illu?tniUtL£ nii^de* of accumnet of 
i^firom rocks, A'^frrfuj ; JJ = hiihatlih of jiluinhie rock; f, = facetdith; 

f = iiLirvi*si ih^rj tff r ^ yuIiuid; A' = artk volcano; 

f = 1 *ts flim*; € =etafer, 

coast ni Maine* Cape Ann in Massachusetts (Fig* 81) jj and at Spanish 
Peat* in Colorado (Fig. S2.1. Dikes may be partially glassy, line 
grained crystalline, or coarse grained crystalline, depending on the trflr, 
rate of cooling, etc,, of the injected mid ten nias$c* B They are ioniCfintca 
arranged m roughly parallel groups hut often they form if tegular, 
branching networks cuffing through rocks of any kind. 

SUh- Where a ma*$ of molten mate rial (magma j has been forced 
as a sheet or layer between bed* of strata, or along mini Lion surfaces 
Ot rnetamorphte rocks, it cools to form a jrr// or iniruui^ j/nrf. A sill 
i», therefore, a special kind ot dike. Sills van in thtrkne^ from Irsi 
than a foot to hundreds of feet, and they commonly extend Intrrally 
Imni a few acres to many square mili-s. An excellent rxamplr U the 
Sill in the Hudson Valley near New York City, the outcrop ot which 
h called ihe Palisades or the Hudson, in part forming a bold cliff 
several hundred feet high, facing the fiver for %o miles. 
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Lar inlitlii. A fafmtkk is ii domt^ltap^l Afinas uf ignrtms nick wliSrh. 
ifi EHuJtni *:mi Jit ion, has Kvh tonml htrcmn ilrntn, reusing r her overly-' 
ing rock layer* Do k domed or .^dtes! up, Ie ha* A more or |e» flat 
floor* Thr magma risiErg into the earth* dust through u relatively 
*rr>4i]l ope Eli becomes such a stiff fluid lor so v^uous j time if tail liu 
longer pmttraie die *mt * 9 <** ie *p rends benvevii tfiem i ,ind nr die* Lip 
die overlying bed* i Fig. So). LiHXtililfi* cummmdy runger in thick* 
ues* from .1 ftttr hundred tcet m a milt in the? middle-, nod m diameter 
from hundred* ox yard* to several milrs. "Use Htnry Mmmenins of 



Fiil $ i, Ba-iaStfc dike* in gnrnhc* Tape Ann, Ma^chu^is. (After N, & 
5 li, lIcit, L\ S* {! Son I u^icj I Survey,! 

southern Utah consist ot a series of laccoliths showing all stages of re¬ 
moval of the overlying, arched uji strata. Various others occur in Utah, 
Colorado. Mumara, ami South Dakota, Rmr Bum in Smjth Dakota 
(fig. Sj) ii a very fine e\ am jilt of a large laccolith whose cap rock 
has been alntmt cnraplctel} removed, leaving only the upturned edges til 
the strata as a ring amiinrl its b<r. 

I'9htwi< o f<h. A vofeattit ntci is the hardened lava which fills the 
feeding channel (or conduit) of a volcano. It is rough It nlindrical in 
shape, and it commonly varies, in diameter from * tew hundred feet to 
a mile or more. continued r ration inav finally cut mvny most of 
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tlirr rdativrly lot»*er material m tin- volcano* living much of tlur cafe 
nr i-lt nt thr; mountain standing out in bold relief- 1 hr re -ttr r^ccUcnt 
example lit Nrw Mexico 1 F’k r . r 77) and An in an a, and in part* of 
Grvat UriCiiii ;md France. 

ii t*r htiutu I"hr term jtori I or fall I :$ applied to 3 fairly 
large body of pin tonic rorl, with crudely drciikj or oval ground-plan;, 
which, in titolim condition, was iurced into the earth's cru^i hy cutting 



i*ic„ Verticil 1 cutting -itnra and uiimliti? uut in IhpIiI idi*F &* 4 rruih 
of crotiun. \\ r . S^uniih Prak, ColiHuJur i Alter Q. W, Slu*r. U+ S< Gc^ 
logical Jjtirrej.L 


across the rticlo$iiig rock. Stock* usually increase in diameter down¬ 
ward They vary iei diameter from hundred* of fotrt 1 u 1 number of 
mi lev They hit k n cmmnnu in New England and in the Ihedmnur 
Plateau qf the eastern United State*. 

BaiAutirfa. These arc also called batkytitfo* In all important 
respects, except sistc. they arc like stocks. They extend over area* of 
hundreds, to mativ thousands of *t|Uare miles, a* for example in the 
anthem Sierra Nivodii Range; part* uf the Rockies: eastern Canada; 
the Adirondack Mountain^; New England; and thr Piedmont Plateau. 
Stocks ami bathniiths, being true pi manic rock*. :>tc ot course exposed 
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at the surface only ns a mult of profound erosion of th^ uvn Iv mg 
rocks, (iranitr s\cmic r and gabbro ire very cninmnnh the rucb of 
siocks mil barhobths. 

Modes of Occurrence o i Volcanic Rocks, Lavut. itrcutri* and 
sheets of molten material* t Lavas) im\ pour out uf volcanoes or figures 
m the earth and cwj! to be successively covered b^ biter (fow5 T in 



Fvk Sj. A tirmlSth unnwfrii hy rrmliin. Tht iipi timed *iir*I;i nmcLiid in bi*e 
fcrmffly rjffr ruled enrttj-letcty over Ehu ujticeui LhhK. Finnic 54 sham-* it in* 
rep^M-nEtd by i gtalffRit map and 3 tlmeturr wiPtui. Brae Buttr, >muh Da¬ 
kota. *, After M. M. Dartun, IT* Sv CeoJugfaal Sunruy.} 


such 1 maimer a lav 1 field mav be built up to a thickness of hundreds, «r 
even Hiijuflairds of fret, and an extmt of many square ™!c*. 

Fratfmtntal matrrmh, Through rticcessivti exphisive eruptions of 
volcanoes fragment* ot l.wa ntm bt ejected in great quintitia and s-CAt- 
tiTrd near and far, Thick and extrusive beds, at sudh material*. rang¬ 
ing in size from the finest dust ro blocks weighing tr>.ri<. may Ik built up, 
Ikjtli Inins jtnl fragmental materials are iiiuul fully described in Gup- 
ter XL 
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THE WORK OF STREAMS 


IsTHunilCTTOX 

Erosive Importance til Streams, All things considered, running 
water is the most important of the three great agents of erosion— 
wine r, wind, and ice. About |aom cubic miles of water i partly jn 
the farm of snow) Mil yearly upon the lauds of the earth. Approxi- 
mately nut-fifth of this 
t r emend i jus i \um ht i ty at 
water is carried by streams 
into die sea each year. 

Sonif idea of the ciiur- 
maui amount of energy 
developed b) thw streams 
may be gained from the 
fact rbat they make an 
average desccnr of nearly 
tii it* bal i of 3 mik, r hl$ 
bring rhe average al fit ode 
of the lands of ilic 
earth, A very considerable 



Fjc. I** ZffrcTj nt rain wath iijxm ilifthih mn* 
‘■^iiSatuI U'lls- Sifar logons, Calihitnia. 


amount of cner® p is Also developed by streams of desert regions which 
do not enter the sea. Much of this strenin energy is used up in friction, 
in wearing away rock imteffab front rhr bottom* and mits of their 
duumfk and In transporting ^edimenu 

R^in Wash. Rain water accomplishes .1 certain amount of erosion 
before it collects into definite streams, Everyone is familiar with the 
tact that soils .ire earned down slopes by the wash of the rain. When 
rnun “flows ott in a sheet ns on .1 smooth surface, the depth of tile wafer 
is slight, the flow not very swift ■ unices the dope i* verj steep 1 . and the 
11-ear correspondingly slight. Such wear is called ikrri tntiton ' (Cham¬ 
berlin and Salisbury). 

loi 
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Where rain falls upon suit ur loose material such as clay or ssin}, 
piped ally the slope* arc steep, the effect of r-1 =e wadi is much 

mure pronounced flittii where is fall* upon hard roefa (Fig. S4). A 
mnnt!i: ot vcgttatbn or course tends to protect *nls am! rucki against 
rain wash* 


How Streams Eroue 

E mrion is. as we have already Icamrd, a rather complicated ptoce** 
carried on either water* wind, or ice, :md it consists of a number of 
sulhpfocwss atjilh as weathering corrosion* solution* pressure* and tr&ns- 
porfatinn. Stream erosion imulm jJI of tlurr... sub-processes, Wrath- 
rr.ii 114 has already been dealt with in Chaptei V, [1 h rhe present pur¬ 
ple to catbjiln eorntfiion, soluii-rti], arid prrssun: n» tuct r,;s of eiosinfi, 
reserving ihr fuller discussion of stream transportation tor 3 separate, 
important heading just beyond. 

C&rra&ioii. Surfaces of hard rocks arc only very slightly worn 
mechanically hj dear water flowing over tlsem, A remarkable case 
in point K the n urn mi mill of ihr mighty volume of dear water o%er 
the cte^t of Niagara Fall*. The vvatri 1- clear because it vonra out 
oi Like Erie which lets a* a settling barin for sedimcTir* In spite of the 
velocity to the Water* myriads of Tiny, growing plants 1. aigar) are 
attached to fhr rock* at the very brink of rhe falls, pro ring that any 
mechanical wearing away of the rocks must be eery slight. The ^me 
principle h illustrated by many very 1 dear mum* with even rather 
5.%virt i irrcnih which rmti^r from lakes, .inn wliovr *idrs and hnttnms 
may be lined with moss or of her vegetation. 

In cases of streams or sr lea>r moderate velocity and properly sup¬ 
plied with tools, mechanical erosion becomes very pronounced. T'he 
tools -Lie rock fragments of all t-i^rs from those uf * 3 t, muiJ T qr sand to 
pebhlri m even boulders, Hy <vtr'ui*n 1=1 meant mechanics] wearing 
aivas of rocks by thr- tubbing, grinding, am) bumping action of rock 
fragments carried by any .lgrnt ot transpcirtarion—watcr P wind r or ice 
—agalmr the bottom and sides of the channel, nnd aUo against rbriw-* 
selves. We arc here concerned with the corrqsive action of streams 
only, eerrasioit by ice and wind being coasjJemj in succeeding chapters 

Fruiii th* above sraictticms it may l*r read Fly inidmtnod that rite 
factor? which facility rapid comteion bj ^rearnv include swift current* 
a liberal supply of r-v>l> (frspedrily of im^ulnr fragment? nt hard rocks 
and iinnernls), and relatively soft r>r weak rock over which the wntcr 



flows. Since the took themselves aic worn in The process of corrafcm 
rhey soon become rounded This is tme of all sizes of rock fragments 
I mm the tiniest to big bnulikn* i Fig, H5I. 

Solution. Wr have aircruiv foamed that many rocks and mineral* 
arc mote or 3 e*« soluble in water r and that ilidf solubility is increased 
by the presence of small anynmrs of carbiN'iic add ga* anil oxygen which 
arc found in p]j water in nature. LimrtTonr is, of all the ver^ conmiott 
rocls< must susceptible to suilotion. befog in forr corupleicly »oIiiblr 
when perfect!}' pure. Although the process is a *JW one as measured 


Ful Tools mill wlkfi a river wnrfc*. Bmddir* in tbr hed nf a direr at dme 
ot tnw water- Nrar Wdli, Set* Y^ik* 


by rile span of an ordinary human life, m-verthetew \ stream of even 
moderate velocity flowing over hedrnck ot limestone, or even impure 
limestone, tames away a targe amount ot rhe roct m solution in a short 
lime, geologically amsiderttL The cutting Ot the valley into the crust 
of tbr earth is, under such cnmlitious, notably facilitated. Where a 
stream llm\> over .1 hard igneous rock like granite, the wort of solu¬ 
tion is very much less effective because the qunm in tin* rock i> wutvrly. 
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it at all. affected, while some mi the feldspar material gnr- into solution 
only very slowly. Ai a result of rain wash over the grim nil, anil on 
gully or valley sides, more or less mineral matter is taken imo solution 
ami carried into streams, A large river like the Mississippi carries a 
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tremendous amount of dissolved mineral matter inio iW -pa each year. 
This of thr subject it treated a little beyond in this chapter* 

Pressure. The m*rc impact nr prc'-mre uf running witter may, 
under certain ttrnditiom, effect .1 considerable Eunount of erosion. Thus- 
a stream of relatively clear water* flowing through soft or loose mi¬ 
te rid, may by this pioces> cut back its bank, ur push off matri-ijl (mm 
the bottom of the channel. Hut even where rneb arr hard t\u\ are 
very commonly intersected imixirrrms crack* *o-caUcd faint* tan*- 
ing the rocks to be more or lesr separated into angular blocks. In scdl- 



Fic, Sfi, A drtail view of thr ruonvrajr Colorado River cutiirtg bftdfc bonks of 
vi h. Inamy mil ir mM tfcniagh thr Imperial Vtflley, CnUfimm,, 
between 1901 and 15K17. {Photo by U- S + Gtologi^r Survey) 


mentary rocks the stratification surfaces are often also a factor in 
dividing rack masses him blocks- In many plates such joint blocks 
are only lowly attached to the parent ledge, especially where various 
agencies of u-rarWring h-ivr acted along the joint cracks. Mum loosely 
attached joint blocks u| this kind are removed by the triers pressure of 
the current flowing ag.timt them. 

Transportation. A process essential to croshin h trsinspnrrariom 
for* unless che rock materials which enter sirea ms are carried a wav, 
there can be no wearing down of the land (erosion). This important 
process of erosion ts ftepumtrh considered .* little beyond. 
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Influence of Joints. Mention has already been made of the inflit- 
vrier op joint* in aiding tttrcain* to push off block* ji t met* iinm ledges 
by mere impact ot the current* Where running Water enter* juinl 
cracks in the side* m bottom or a dminr!. the wort of solution is in- 
created because much larger surfaces of rock arc e.HiJOSrd to the action. 
In Limestone or limy rocks, jnini crack* ere often So eularked bv solution 
that the joint blocks became easy prc\ ru the pressure of the cur ran 
which pushes them away. 

The work ot corrosion js also made more effective by joints, particu¬ 
larly where they have been enlarged by solution, or by other weathering 
jigendei, because more mck surface# are then cx posed to corrosive action 
along die bottom and sidts of the channel. 


T^xswktatios bv Streams 

The Stream Load: How it is Carried. All the material carried by 
a stream constitutes its ibud* The visible toad consists of mate rials car¬ 
ried in uispcfgihn ami rolled on the bottom, while tile invisible load ii 
the mine raj matter carried in solution. What are ^>nir oi dir sources 
of the visible &frram load ? TliU question may he readily iuiwpcfed by 
in! low mg a typical, small, swift stream, especially in time of Awd, 
di rough Its valley for a few mites, or even less. Materials are carried 
down the valley *id« or s-tep^ by rain u ash ot bv water from melting 
snfuv: landslide* and .i\ .lIjucIom. as writ a* the dower numoccii of 
hillside creep contribute cos i>iiic ruble quantities of rn * f ragmenm of 
jtll si^es: loose deposits id efay. sand, gravel, and cvm boulders diemsgh 
which tile channel i* being cut, easily become part of the load; solid 
rock of die valley walls, where undercut b\ die current falls into the 
Atrciit¥i; joint bliieks of both bottom lxiiS ^sii■ -7. uJ the channel may be 
[UHbi-.l oft k fhr presaurr of the current and become pint uf the loud? 
and many fragments are supplied b> the process of cormdon on the sides 
m 6 bottom of rhe ehaimcL 

Much uf the material in solution (irmdblr bad) is supplied to 
stream* by underground waters where they emerge as spring?; in the 
stream valley; some h added as a direct result oi the solvent action oi 
rain water on rhr valley sides; and wmr k taken inlO elution by the 
Stream itself from die rocks over which it flows. 

The water in a stream docs not move a pimple forward currnit, 
but rather it is subjected to very complicated motions including the main 
current forward, untrard and downward movements and “eddies" and 
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”brdl*, M The scrondsny upward currents bring ihc finer fact fragment* 
(sediment) into suspension bj carrying them up irom the bottom 0/ the 
stream. The oiarsct. heavier rort fragment* die etcEicr pushed nr rolled 
along oti the bottom of the stream b\ the rinrfnL 

Luw of Transportation. Even .1 mixSrr.itr increase in thr ctlnciti 
«f urenTii fnemjws almost incredibly its power to trurspurt rock debris. 
According tn .1 wcll-vsrahfjshcd Uw nr running water* thr tnmipmimg 
rmutr 0/ .1 atrrtni tariff m tht sixth puuer 0/ ih, t-< Thus a 

current which is just able to move a rm:L mass of a given size u i|l. when 
its velocity is only doubled, be ahlr to tran-^ut .v mass or similar rock 
fU sitin'* as large because 2 r.iiwii! to the >ii*h poweris (>4. This is cosily 
l] rum mi rated ill 3 simple way as |>>|](it>i A nirrmt with a ctrnin 
vdncitj can just move along » cubic inch nr rods in the form ol a cube. 
Now a cube oi rock *14 times as large has lb square indies on each lace, 
Wlien the velocity of the current is doubled it t» evident that twice 
a* mam particles of water must strike each of the 16 vi|iuirr-mdv >ut- 
faces nf the larger block with twice thr velocity or force. A cco r d ingly. 
64 times as much force must he emted against the race or the larger 
hlod,. or just enough to push it along. Since the sixth power of i is 
7*9 it follows, according to this jaw. that bv trebling the swiftness of 
the current its transput Hug power is inert-used 720 times! 

When a stream rises very rapid) 1 , during a cloudburst, or when ,1 
dam suddenly give* way, the water rushes down -i vallt-j with high 
velocity. \n iiriletMunding or rhr renurliable Jaw ru transportation 
helps ns Ur comprehend why, under such circumstances, ihe water docs 
«» much damage, carrying along massive budges, big boulders, and even 
tncomori ces. 

Ill all of our cn ns t.lr ration* of stream transport at inn, it should of 
course be borne in mind dial, due to thr buoyant action 01 water, a rimss 
nf average rock with a specific grgyitj of nearly three loses about 
one-third nf its weight when immersed in writer. This greatly facili¬ 
tates the trnnspnrting power nf currents. 

Graded and Overloaded Streams, Must streams have sufficient 
velocity anti volume to transport more material than is fed into them 
from tributary and streams. Such a 'irrufti. therefore, baa energy 
left to tut down its channel, tint is, m drtrmlt it, A> the down-cut ting 
process goes on, (hr tfrtuthm (nr declivity) nf the stream bod becomes 
mure and mun- jjrntlc until a condition is reached in which tile whole 
energy oi the strram is used up in transportation, and then degradation 
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streams arc unable to transport all fbr mi terra) which fa fed 
into rhrtn, Thej tire said !<■ be Not only Jots such a 

st ft an i lack power ro nit down its chainlet hit ir actually tlepc^its part 

iU' its load and build* up it’ c Flannel, that * if. In certain 

where ^ueh aggradation jjim-s on, tlir gradient of part of a straim 
(eug, Platte River; Nebraska) may gradually become steeper until the 
stream is there ab)e to transport its whole load. 

A stream which has readied (he balanced condition between dnwn- 
cuttiug .uid depowticui is %ai4 to he at grade. In other words, a drutiwi 
river fa one which, on the average, neither degrades not aggrades, but 
b jui-r aide ir. carry rhe hud upplird i« it iroin tributary slopes; and 
streams. Ocausc of varying condition*, portioEiB only of a stream may 
be temporarily graded, Alsu* n graded stream mat degrade its channel 
during times of flood, while during tllll£S ^ lower water u may deposit; 
but it is (In.- average condition ivliirli should be considered* 

Amount of Material Transported, Within the lifetime of a human 
being, the ordinary river scrim to aciornpli&li little or nothing by wav ut 
enlarging its valley. Within n fdfltivdy short part of geologic time, 
however, a large valley, nr even a great cannon, im) be carved ant 
f eroded) by a stream. Tims, what is now rhe space occupied by the 
whole L’armectkut Valley ol western New England was once filled by a 
umss of solid rwi-L winch, during (he ptesem SCenozoic) era of i^olu^c 
time, h«*> been Weathered and eroded, and the resulting material# carried 
away by the CunmrcPnit Or again. (he mighty Grand Canyon 

of Arizona has been lormed since the middle of the present era as a result 
of the removal of ;i body of rock hundreds nr miles long* 8 to T5 miles 
wide, and thousands of feet thick [Fig. 112), Su it is with ncirl) al! 
of thr valleys and canyom nf the world because with relatively few 
exceptions, thrj have been curved out by the eroding and Transporting 
power ot the Stream which they uni r ain. It is, os would be expected, 
a general rule (bar the larger valley* are occupied by the larger streams. 

According in a good estimate. more rhan 800,1* ici,oc> i (on* of ma¬ 
te rial in sttapcttouin, solution, lLj aiK rolled along are earned Riinu&th by 
thr rivers of ilic United Sratrs into the sea. Some concept Eon 4 >f the 
amount of tlib material uiai hr gamed front the Jact dial a train of 
ordinary freight cars long ctuuigh To contain it would reach around 
(he rarlh at the equator more than six times! 

Tlic x\ts«iS5ippI River drains more than unc-thinl of the area ni the 
United Slates proper. A* a result of carried observations and tests ir fa 
known (hat thiv great river dsk'bi^B enmiidK about JJ^COOjOOu tons 
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*}( material Inm the Gulf ui Mexico. Abfihir rro-thirds of ihi* h m* + 
trriaj in suspension, mK^urtli h matt rial in inlufirjn, ami ahfuif 

One-twdirh is rolled nr dragged dong the bottom. 

Kate of Erosion: 

Rate of Erosion of the Mississippi Basin, All hitid* aj-r bring 
morr or less tut down f eroded 1 by streams and estimate* uf the rate 
4t which certain riven are Imvcriug their drainage basins have Ken 
m*iih ! As .l tf^ult of fiitiissireincnts and tests near the months of these 
triers, the had or mntcrn.il carried yearly m suspension, and rolled atone 
by each tit them has been determined. Since the burden represents rock 
material which has been removed from the whole drainage basin of a 
given stream, and the area uf the batiu Ls known, h ft raM to calculate 
hw\v thick a layer of thi* matvraal of uniform depth would lv it spread 
over the whole basin. The result of course represent* the average 
yearly rate at which the drainage harin is bring eroded. Dm regarding 
rht Mississippi River are unusually accurate. The area of hs drainage 
hasm is 1.265,000 square miles. As a result only uf the material car¬ 
ried in suspension and solution. the Mississippi Basin is being lowered tf 
an average rate of one foot in approximately 61 Au years { l'. S. (1 S. 
Water-Supply Paper *J4 > Considering abut the aitinunt of material 
rolled Along the bottom of the river, the- drainage basin of the mighty 
river is being lowered at an average rate Of one tout m from $L*>' to 
5500 years. -Although it should l>c isridrrstnoil that this figure is the 
result 0i only an estimate, it k nevertheless pmhablv accurate to wiehfefi 
ro per cent, and thus give* 1 ginnl id r a fit the order u f magnitude nf 
thr rate of rrewitm by the Mjs*tf 5 ippi River. In regard to ntfe nf stream 
erosion, the Mississippi i% prnh»ih|) nor tar from the average tor the 
srrtraim of the world which enter rhr sea* Some, however, erode much 
faster; and others much more slowly. 

Valley Development av Streams 

Most Valleys Formed by Stream Erosion, Nearly all streams 
flow in more or Ie>* wrlE defined valleys. Most of these streams by far 
flow through valley* which have been carved out by the erosive work os 
the Slrcsims. Smut rest-WUs fui so believing are that vallevs vary in 
size According to tile size of rhr streams which occupy them, that is the 
larger the valley the lar^scr (hr stream in it; tributary streams and 
valley* are aniiillei than the uises til ty join; a vast majority Hit tributary 
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valleys jm\\ thnr streams enter larger valleys at accordant levels rhat 
is, at The ratrw devatfavt as thr floors at the larger valleys; and many 
streams, aidvd lay ordinary processes nt weathering. arr definitely known 
to lie deepening and widening their lutlUvs. 

Nime valleys Were, hnwrvcr, rcaily-miub fur rtn? streams which oc¬ 
cupy them. These arr usually iintftarai ratUfi, so-called because they 
have herd formed by earth-crust movements {dhttrofikhm)* 

How Stream Valleys Begin, A new tarn! surface tanned in any 
manner. as lor ex a in pic by the draining o f a late, nr by the uplift of 
Lsnd tout of the sea in many cases'). soon has a drainage system estab¬ 
lished upon it. Water tram raijii.ilL or melting amiw docs not flow 
unitonnly mer thr more m Eos uneven new surface, but it very sono 
tends to con cent rate in thr depressions, and begins to run off in streams. 
These initial streams begin ro carve our ffbffitt which, with every fresh 
supply ur water beenne deeper, longer. and wider. After a rime the 
gullies are large enough to be called Many gullied may start 

on a new fterp slope. bur a* time nil certain nf Them become wider 
and take in smaller adjacent tuirs, ami rdalivdy few of the original 
gullies really ever become valleys of considerable size* 

Not alt stream-cut valleys have starred their development in the 
him of gut lies, Thus over a great portion of northern North America 
thr vast cLicier of the Icc Age (Fig, Jjg) tcit widespread, irregular 
accumulation* nf rock dtlrr ts over large portion* of the area from which 
it retreated by melting. " l-arge parti of the surface went left without 
well-defined valleys, hur with numerous lakes Wisconsin and Alira- 

fielOta L The rainfall or the region was enough to make these lakes 
Overflow* Where a lake overflows, the outgoing water follows the 
lowest line accessible to it, so long as there h a line ol descent. In this 
coir, the nrniirng water will *1111 rt to cut a valley all the way from the 
lake whidi fumlsJte* the water to rhe end iff thf stream, at the same time. 
N P i> part of such n valley \$ much older than ^Hither." i 14, !>, Salisbury*) 
Such a valley is of course Tint a grown-up gully. 

How Valley s Lung then. Water which Hows into the upper rnd of 
a gully or valley cuts b:u lt ff* head bv erosion. By sittb a process of 
ht'tfdUiird rremn, a gully or viJJvy i* k-ngrhi-nrd, A valley held is 
trlilnni cut hack (lengthened) in a straight line. One reason for rhb 
h that differences in the character of the rock material cause headward 
erosion to proceed more easily m some places than in others. Another 
15 Thai irregularities of the surface caviar the water which llows into the 
head of the gully at valley to he concentrated first In one position ami 
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then in anodic/. For s-u.dk reason* she headward era?.Jon proceeds iT 
regular] y, aiiJ thus rhe crookedness nf so ninny valleys k accounted for* 

It .l large *pHng is located at ihr head of a valley, the Jinking 
and undermining net inn nt the Spring water may \ld hear! ward erosion 
considerably by recession of the spring head. 

The lengthening oi a valley ends when a permanent dkidr (division 
of drainage) is developed, because then the amount u i rrosjon uit one 
tide t)f the divide is counterbalanced. by that cm the othe r side. 

Valley Deepening; L-CVcL A vallry is deepened by rhe cut- 

ting down i degradation) of its floor by the erosive action of the stream 
which flow* through j t. M time goes on. and ir no ortier process inter- 
verier the power of a stream to cut down ( degrade) its valley gradunlh 
diminishes, because of learning velocity, until a limit is reached bdow 
Which ii cannot degrade. The limit is t be level of the sea + lake, or vnllrv 
llunr imu which the stream emptier hut ubvioudj only the lower course 
of the valley can ever actually reach the limit becimsc There must be at 
least a slight slope (fradimt) further up tiie valley m order (hat the 
si ream may continue to flow. The lowest level to which a si ream can 
cut ilmvn (degrade) its valley hoc nun. is called itise icvfl. In this con¬ 
nection ii should be remarked ih&t (he channel <u~ a stream imy be: 
Actually a httlr Mow the level nr the Handing water into which it 
flow*. Thus sir and near the mouth of the Mhskdppi the rbrninri of 
the river U a_s much as ho feet below tide water because the current 
nr the mighty river h able to keep its channel scoured to that depth as 
Lt rush** into the Gulf of McaSco. 

How Valleys Widen, Most valkys are much wider than The 
streamt which flaw through thmi, hut ii by im means follows that the 
stream^ were ever nrc^iirily Wider nr larger than they tmv .ire* If a 
valley dcvL'Ipfied wholly by thr down-cutting action of a stream, the 
valley would he no wider rhan (he scream, and its walk would be 
vcrtfC-iL ’"Fltis latter type of vallcv lor rather gorge) ls approached 
where all condicJora fur down-curt Eng are so favorable that they greatly 
predominate over other faernrs which nperarr to widen the valley. An 
excellent caw in point h the upper end ol Zion Canyon. Utah, which i* 
over <1 Icet deep with nearly vertical walk which arc in places not 
more than too to 200 feet apart at the top (Fig. KK h 

Some of the wa>> by which the great majoritv of valleys are mailt? 
wider jcmsfi their tops are the follow rug: l -mrve, weal Fined nmen'.iT 
arc w^ili/tl down the ■,alley side* by rain. If the dopes aic sttrp, some 
materials rull down, and louse materials especially when dtrj -rc soaked 
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with water maj sTif fr iif ilutnp to tower On Htevp slopes. rock 

nintoiuL may move down ^uddcnli in the Hum oi luttdihdei. Tutus 
pilt^s accumulate At liar bases of very steep valley walls as a result ut 
weathering* ^lotenaL which mutt to the bottom.- ui the villft} side* in 
i!i<^. .mil other way* air mu ally carried away by dit streams in the 
Valleys, .mil thus the tops ami *idr* nt valleys which arc occupied by 
actively do wn- cutting streams stead eI y become- wider. Then* too, since 
stmmi are rarely it ever straight, the current in many places strikes 
one side oi the channel with grater twee than the Other, Thus* while 



Fiji. tj. A Rtcundrrbig in 4 small valley, Soyth RumcIL St- Liuwrn-* 

Chumy, New ¥®rt. 


n stream is cutting its channel deeper, it is also doing some direct wmi 
of latent erosion, And so widening its villq at thu bottom. Valley 
widening oi this kind is, lumber, mostly «ccoiup|jshed by streams at 
or near grade as wtU next he ex-phiiru^L 

Lateral Erosion: Meanders, Oxbows, and Flood Plains. Sun 11* 
work uf lateral erosion ii accomplished b\ rather actively dmi'lM^Uting 
streamy as just explained, hut the most effective work nt this kind is 
done by streams with relatively tow velocities and little or no down- 
cutting power, that b. by dirvam* at nr near 3 graded condition. Such 
a stream may flow upon ape original neatly ilat lurfflcv. nr in a valley, 
or portion of a valley, where a graded, or nniflv graded, condition has 
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been reached In n tlmv-ntaving irreain gf this kind* the rurrmr ts 
easily turned against our shir or thr tuber of tfi: channel. Hies trmv be 
brought about where the swifter currrnt of a tributary atfm. or bj 
some obstacle like a rock, nr where the material of one bank ri more 
easily eroded than that on the opposite fide. 

If for any reason the rtuiiii cnrii eili of a flow-nniiitij< stream s-tHkrs 
with greater force against one bank, it will bv eroded ridrwis#, .uni 

from there the current will lur 
deflected against fht opposite 
bank somewhat farther down- 
stream, coming lateral erosion 
to take place there. B\ a ean- 
timiafinn of such i process, 
with thr points of ,itiack chitt¬ 
ing downstream [ittie b> little, 
a series of sweeping curve* 
called trtramhrJ develops Ftg. 

J-< Such meanders become 
mure and more pronounced a* 
a graded condition h ap¬ 
proached by rhe stream, and 
they finally become a series of 
!w|js rbWttv separated b> ouh 
narrow necks. Finally the 
Envk* are cut through am b\ 
urn*. nrid cutoff meander^ 
called GjrJWi r j a arc formed, 
marking the old channel. 
AI ejt n\v hi I c othe r mea rulers 

and loops develop, 

Wide Hate, cal let! 
pfmrts iFig_ 04) because they Are Hooded at time* of high water, urr 
devdoped by tfiK process, t he Inner rarhift of *ouir great rivers as 
for esatuple the lower Mississippi; River, have developed florid plains 
jo to 75 miles wide, and hundreds ot miles Jong. Farther and farther 
upstream the flood plants uiuitlli become less and Its prominent. 
Meanders and t'lxbmv lake? u.r l wo ti tier billy developed on I urge i^Tilr* 
tor several hundred mile* over the INkmI plain of the bmxr Mississippi 
River, The oxbow lakes are there called Uyotit. Oxbow lakes gradually 
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tit! with silt ^nd vegetable matter first to farm marshes and finally 
mcHitow bad- 

Tributary Valleys s River Systems, hi most cases by tar a valley 
ka* other v alleys tributary Et> it, and lAmt in turn branch repeatedly 
mu* smaller and timelier rribuT;irir> Tributary valley* iiauall) hr gin a* 
Sullies on the sides of the main valley nr a region cither where the 
prcks are or uniform hanhRSs, but where rain uator moving dawn the 
slopes tends to concentrate somewhat more along err lain paths than 
orhrrs, and hence m erode faster there, oi where rhe material:* of the 
slope* are locally weaker and hence more easily etoded. A glilly once 



Fir. s*. The aitoi* of ihr Cbnnwtleuf Writ near S + «mhnmpSfm r MumctuMcn* 
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surted by such a process develop* into a volley on tHe side* of which 
other gullies form umil, under ordinary conditions, a whole system of 
branching valleys covers a region. A VttUry sytfem thus comprises a 
main valley with all of its tributary valleys, while a river tysirtn com- 
prises i tmtin stream and all or it’ tributary stre am s 1 he whole 
area drained by a ta-er system is railed a Jrtdnaffi btuin. 

Accordance of Tributary Valleys. In normal valley am! rw« up. 
terns, ft is Almost always true that a tributary enters irs parmt valley 
uitJ stream at grade, that is. at the same elevation as the main stream. 
Such stream* and valley* are therefore said to be attArdmi. In a river 
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M&trm which i» vcn octivrU degrading ij. v.illc) * if might Itr [irrimtird 
rh.it tnhuf.irir^, with rhcir tni^kf volume »f vvrifn, umiJil uni he able 
tn ait dawn the Imver ends nf their valleys as fast a> the main ^rcnins 
into which rhc> fknv* The- fact is, however, rhur, fL> a tuiin wratfl -ujik> 
its channel, ihc slope or gradient at and near Hie month of ihr tributary 
srreiim is Increased enough m enable fhr Utter, through its Augmented 
velocity; to cut down tt fait as the main stream in ipjfr of |es<er volume. 

In rasa wlirrr main valleys hatvr haul their *iAt * { especially toward 
the- boTtom ) cut b^L and steepened by glacial erosion,. ur where they 
have heen interfered with by certain other processes, tributaries may enter 

midi i vallevs at dij- 
^ bfilufit levels. 

Stages of Valley 
History e When any new 
land surface oi at least 
moil crate altitude is sub- 
ject to erosion by 
Streams* tire valley* 
which develop ptlsi 
through tfZEx* nt youth, 
rnnr*jrif)% nnd old age, 
These stage* show cer¬ 
tain characteristics by 
which they can he recog¬ 
nized. 

A ywng paltry is narrow stud steep-tidal became down -rutting has 
tlius far gnt*tl> predominated ova procrv,™ of volley widening | Fig. 
Wh Triburarle* are friv in number, short, in.I not well developed. 
Streams On highhititK which arc new soon rarrt out drep valleys lv i,h 
V-chaped cmss jcctums. Although nil newly reposed low lauds niik 
ecnrlc slopes thi young valleys are of course s hallo p, they are, never¬ 
theless, narrow and steep-tided. 

A mature valley is wider, lees steep-sided, and u si tally deeper limn 
a yonne valley f Fi«. wi). It gwerallj lun numerous, relatively fnrgr 
wcH-dsvdflfwd rrrluuniio, Well along in maturity a flat begins to 
deeelup in tin- bottom ot thr valJej hecause ihe stream m ft is approach- 
ing gnulr. which means a steady diminution of down-emting pmvet, 
and an increase in its work ot lateral ermion. 

An oht valhy shoin gently doping cults, moderate to rimlfow depth, 
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ami tcwrr t 1 lhittiirtr>. than a mature volley i Fig. m\. A wile. nearly 
level floor (flood plain) also characterize* an old valley because dmvn- 
cuttitig by its strmiti has practically censed, ami Intrral erosinti has de¬ 
veloped the hmad flats over which the stream (low* in a sweeping, meati¬ 
llering course, 

Dtnviamov in Streams 


Why Streams Deposit. It shflutd not be assumed from the preced¬ 
ing discussions, that stream* are everywhere cottstarrlv engaged id cut¬ 
ting down their dianiicl*, and su deepening their valley*- Some ot the 



Fni. gr. ATliirinl .-r.nn it nwuth* ,-mijrn* in tonthriii L'uk (Afire f 5, 

CwttitfJL'Lil Survey,’ 


11 iram tarn! nmy be trinponiril) nla’upped, tvhllr some o: -ilf «>f it may he 
prrmaniMilh ik-posited, 

TV principal must fit sftruin' dcpnsirifm B diminution (if vrlotritv* 
it is a law of running water that « partial nr cntUpJtte checking of 
the velocity of a stream loaded with sediment causes deposition of a 
part nr all of it* load. Los* of velocity of a stream may be brought 
about (i i tn decrease of dope of the stream bed. especially in the lower 
parts nf a large valleyi ( 2 > by i decrease in volume, which always 
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fTtcnf(' : reduced velndty, as when a stream flows throta&h an arid region 
where lotfw by rapid evaporation and sinking into the ground is not 
omnirjb,iI.uiced by new supplies trpm springs and tributaries; fj) by a 
change in Lhe shape of the dwmtr], a* when a 5 :i cam ejiters lL wide, 
crooked channel Jitj-t tftni riwrgmg frorri a relatively striighl, narrow 
dinnnrl i i 4 f h> encountering any obstacle tuch a bmddcr ur stranded 
Jng in a rrhmrlj sluggish mrentti when a sand-bur or evrrl an island 
may begin m develop; (5.? by niter ing :* kwh 01 standing wafer when 
the current js completely checked, and the whole burden of sediment is 
dropped. Deposition also takes [dace where a svvirt tributary comes 



FlCr pz* A braided imam. Each sijijaic repir^nts j squire mdc. S >uih Plane 
Mi n tr K Suibtriaisd:, N*ti fa a (After V, S. Gcoiitjpcal Survey*) 


more sediment into a slow moving larger stream than rile fatter cm 

carry"* 

Alluvial Corns ami Fans. When a swift, ^dinient-iadcn stream 
emerges nt the base oj 4 stttp slope from a gully , gorge, eamtm, nr even 
ordinary volley upon n more iiriir!) Irvcl lowland, tlirn? is a rcmfmry 
for rite load tn deposi t at ahd hrar the base or the slope. This e* mainly 
because the velocity of the swift stream lh suddenly checked. Such an 
accumulation of rock debris h generally ill the shape ui a partial erntr* 
It is calleil an utlaviai 1 onr when it \z sleep, diid an aUuviul f&n whrn 
its miglr Ilf fliypfc is njtbtivdy low. lone* ami laus \ ^r\ in width from 
* few ket |u a good many miles, ami in thickness rram a few f«rf to 
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many hundreds of feel, They art grandly displayed an the drier por- 
tmm of thr United States at the bases of run u mains. aj fox example in 

Utah lFi& yt )* Ncvnd% And tmiihctn Criifarmik 

Stream-bed Deposits. Thr current nt an ordinary *ricw» is ^ 
•rrcgiiljir that while, at a given nine, much sediment is bring mnvrd 
dmvmtrcam T some may be deposited in the back water of eddies or in 
portion* til thr channel where the current n less rapid. 

A frtTs-jiu which it carrying a load of sediment tkiitig a [loaded con¬ 
dition Tjmsfi the flood declines, deposit parr of its load sn the channel 
Ittcaute of toss oi volume and velocity. Straaifrbod deposits formed in 
the vtrimti ways Just mentioned are. however* usually only temporary 
and of vrn local extent. 

Stream-bed deposits assume much greater importance in the cases 
of breams which, on the average* tend to be overloaded and so are 
forced co deposit much of their sediment. Such streams build up (ag¬ 
grade j rheir bed?. 

A stream like the Platte River is an excellent example of a braided 
ttrtam. that b H one which does mt fow in a single definin channel, 
but rathe; in a network of ever changing, branching, and reuniting 
channels ( Fig. 92 >. The local portions of the stream flowing in such 
channels are called dutnftutnriti,» They are easily explained as ftdiktofoi 
When sediment i* deposited on the bed of 1 channel the latter beamed 
t m small tu hold all the water, ptrt or which then breaks over the side 
and flows in 4 new course. When the nnv channel becomes sufficiently 
clogged it in turn develops bfanchcs. By many repetitions of such a 
(nrbC£& and the fmpittit reuniting of channels, fhr network of courses 
of a braided stream is prod need. Hie braided course docs not cxi^t 
as such during high water because thru the whole flat, which during 
lower water contains the network or channels, is covered by the 
stream- 

Gravel or sand har^ form to somr streams which do not become 
braided. These ate most likely to develop at times of low water A 
given bar may be partly or wholly cut away hy high water < with i fi¬ 
ef eased velocity). uf it may last for some time as a low-water 
tahruL 

Meander Deposits. When a stream reaches a graded. or approxi¬ 
mate!* graded* condition, and develops nwanders, it dues so by a two¬ 
fold process ot cnt-aud-filL While the current which is dimte-l agaEmt 
the bant □[ the Outer portion ot a meander n there [et jornimj: tile work 
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ill Literal cutting or erosion, the current n-Lturlv dark on the $IA? 
of tile chmind direct]}' appetite, mill sn deposition mLe> place rhtrt up 

to flood kvrL On Ehr ^icI-f 
when? cutting nikes place, rhe 
bank is steep and rhr wafer 
deepest, while on the opposite 
(idling i siite the hank slopes 
grmli’t and flic water is shnL 
lowest* Ir it were iwi for this 
twofold process or filling on one 
side of the chatmrl. and cutting 
into dir opposite bank, the 
meander could mt long erm- 
tlnur ru develop because cutting 
ahrsr would widen the channel 
to .iuch an extent char the 
greatly weakened current w&uId 
lose its power of literal erosion 
( Fig. yoK 

Flood-plain Deposits, In 

most cases hy far, Hits m val¬ 
ley bottoms are developed by 
rhe I a feral erosion of streams, 
partictilarjy when thri arc 

graded or nearly m w This proc- 
lsv has ;iIreaily Wen explained. 
In &mt eaw*^ valley-bottom flats 
are funord by aggr.uhtiun. a% K rb fc case when any land area with its 
valley subsides so iiiLr^h that enough dept®hum ut sedimerit must take 
place in ftir valley TO build up its floor to a graded condition. However 
they are formed, valley Hans subject to overdow during high water are 
tilled /food p/jfljnr. as already defmrd. 

Whin a typical flood plain is covered by high water the current fql- 
burin £ the main i taw w ater I ehannrl has its \ clarity greatly augmented 
» lJiaf rlQ t Q i l l* w its power to transport increased, bur alsn it then 
actual! y ymrlvjf (oils down | its channel. In ihc meantime the «di- 
mrnt-ladrn water oyer rhr- flood plain has a velocity much less than 
lhar of rhe main currenc so that some dcpusirimi rake* place th^rc 
< Fig- 94 } , 

V\ lien muddy water covers ihc flood plain of a nver, the condition) 



Fm r]| + MeaMilm and oxbow lukn uf 
pxn of Mjtiis&ipjii Rker tf*ni ptrici in 
iSSy (litiitj I■ C44-H * anil ifi^ i dimed 
liitrfth ! Bv William Davis bn wed npito 
Cwcrnpxnl Imp.) 
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for deposition arc ntost favorable along the edges of thr main duflllcl 
because there the sediment-laden current of rhe jwi ft-moving channel 
water is suddenly gtraili checked by friction) against the slower moving 
Waters wt (lie flood plain. Because of tins sudden dictutuifinn of carrying 


Fir- 44- 



illustfating river Hih»l! plain, ileposil?. <mrt Imtu r aI levcts 
Uni (til lint than* lugli'W Jier level. 


pmvrr along the edge- •>r thr main chanuH mure old coarser materials 
deposit there than over thr general Hood-plain surface. Low ridges nr 
such origin are called natural /even (Fig. 94). 


Delias 

Cause of Deltas. Much sediment carried by a stream finally reaches 
its mouth. If tile stream lion’s into a late or the ocean, rhe velocity 
of the current is largely nr wholly checked and tliui much or alt of the 
sediment must he di'itniiicd. The destination or most stream? is die 
sea. and. where rides or shore currrni> in the vrj are relatively Weak, the 
discharged sediments accumulate mainly at and near the mouths of the 
streams in file tcirm Of liar partly submerged. Un-shnped deposits called 
delt'U. Tile mime ha? been given because of the crudely Triangular 
■.hape similar to rhe fourth letter nf the Check alphabet. If there are 
sirring tides nr dime currents in the body o.t Witter which the stream 
enters, nr it the amount «f sedtmem discharged by tint stream I* rela¬ 
tively small, the tendency is either for the udi merit tr> be swept «i far 
iHta) front the month of the stream that no dtfra will fntnrii nr nrih a 
small or imperfect one will develop. Another reason for the absence of 
deltas from the mouths of many existing rivers (even some large one*) 
is tlie sinking ot the land, Musing notable submergence of the mouths 
of the rivers w recriitly that there has not hem time enough tor the 
discharged sediments to build ip real delta deposit* around dl r iwwK 
located mouths. 
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Examples of Deltas. Sonic examples illustrative ui the principles 
just explained will Flow be ell, Very large aud i\ fiscal deltas Rave 
been* ami are being, fanned where big rivers empty intn certain lakes 
or ncarlv tttdtotd aims nt the *ra + Thin the gre.u Nile Ehi-r has built 
into the Mrdi'fiTnm-sm Sea u very typical delta covering ctiwnaT 1 D k OOO 
square miles (Fig, 95)* The Mississippi River has extended its delta 
of 12,,OtX> square miles some 200 nnles into the Gull Pf Mexico. Ex¬ 
tensile deltas have been bush by the Danube River into she Black Sea. 
md by the Volga River iticn dir Caspian Sen- In the race of com 

>iderable ticlal action. The UwHtig-ho Kin-t of China hiLi built him th^ 

Yellow Sea a vast delta or fully square miles. 

The Delta Surface* Wliar arc some of the characteristic features 
of the common type uf delta? [ft surface is a wide* nearly Hat, usually 

ran-shaped plain mu?th a 

little above, and partly a 

little below, the level uf 

the body of water into 
which it gratis Thus 
about two-fhtrd* of thr 
surface ot rhe Missisippi 
delta i> above water under 
ordinary conditions, but 
most of it is inundated by 
high water during a flood* 
The great bulk nt delta 
material fs, however, al¬ 
ways under water, and 
thus it differs from an 
.dim id cone or fan whose material is wholly, or largely* on land. An¬ 
other almost universal feature of a delta surface is the presence ui 
tn/wtoriel, that i* r branches into which file stream splits in increasing 
number, beginning sit the head (upper end ) of rhe delta. These ilis- 
trihut uries wander over the licit a plain in an ever widening network, 
and a delta-forming river always hm several or many mouths 

l Fig. 95), 

Delta Structure* The delta shows a characteristic si ru cm re be- 
caL]^- of the tpeciaJ ciuufitiucis under which deposition of die sediment 
take* place. TUm the steep hunt (Fig, 96}, io ctuiracteriitic r*f 3 
delta, results from rapid deposition of the courser sediment layer upnn 
Uyer where the onrush mg sediment-tad m stream 1 nr each mouth nr the 
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stream) Tnrm thr ftLittvch draper standing water into which the stream 
flows. These 4tEcfrl> inclined layers a re 1 called forr-wt bed* (Fig- i)bL 
They 8fnkt up thr greater bulk of the delta pile. The finer ieditneiits 
spread nut in layers trvrr the Jlwir nt the Jake nr sea in a £r*4ter nr 
less instance out from the base nt the steep front of the delta. I hesfc 
layers are called the Jw/euw-w frrdr* The earlier formed barton Mttt 
beds of course become buried under the fore-set beds. The tofi-srf beds 
are deposited by the stream on top os the fore-set beds as the latter 
advance itttn sea or lake anil shoal the wafer. They build up, for 
the most part, to a little above the level of s*a or lake in layer* which 
slope very greatly gcswvrd Of lakewanl. 

Rftte of Growth of Deltas. Sonic rather accurate data regarding 
ilie rale of growth of various deltas are known. A few examples will 
be nvnftzftitAl. One month ut die Mississippi River is gnawing into the 



Ft£. . Ideal itTuelurr section of 0 tMti. I — (ajHet beds; & — bcHiflUi^:! 

bed i; F = Cutt-tti bed*. VtOcUilcid after ti, R. fiflbctti) 


Gulf of Mexico at the phenomenal rate »f one mile in if> years. The 
River Po has extended if* delta 24 miles info the Adriatic Sea in ift- k 
years as proved by the Met that Adrift, 3 seaport at the mouth of thr 
river, 1800 years ago, is now u miles inlnmL The Rhone River h» 
been building Lrs ddtj* Into the Mediterranean Sea u the rate of one 
mile in itio years tor many ccnturiei- The ancient seaport of Rome is 
now three miles inland because of delta extension by die liber River. 
Hut by no mean? do all delta* build out m> fait, Thus the great delta 
of the Nile hits grown seaward bur litffe in 2. ■ ■ 1 years because .a current 
sweeping along the del tit front ls strung enough to keep tht sediment 
removed about as fast as at is supplied 'bv the river. I he Am a zo n 
River has not been able to build a della deposit even up to sea level 
beeaoc nf 1 hi- very lining tiilt' and sea wu'vis, Though it has constructed 
an extrusive subm an lie delta covered by water km than to feet deep. 
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History of Stream Cm-itm 

Consequent Streams, On a ny mw land surface, the fir^t streams 
will have their courses determined the tiriguiaJ slope and natural 
irregularities uf the surface. Such stream courses Are. therefore, conse¬ 
quent upon die original relief feature*. They may of course nor only 
lengthen by headward ciustafi* and deepen and widen their valleys, but 
they may also have tributaries developed a* n dfreet consequence tri the 
initial topography, AH such streams whose courses ari: the direct com 
sequence oi the ini rial topography arc called c&nitqurnt iirttwu. 

Subsequent Streams. Outing the bis tors oi i drainage ■syst r cn, 
it happens almost invariably th.it many stream courts originate Lnde- 
prndmtLi of the origin nt (initial } topography. and arc determined and 
regulated !>> mwion proceed in# ihflrrcntlj upon rhe bed rock formations 
nr cording to differences in h animus, structure, and resistance to erosion 
of rhe formations. Such streams are said to be -ad flirted because they 
carve out then valleys :ihi!ig tint s or belts of thr weaker or more yielding 
rocks. 

Ail streams which develop in(te|^-ndrmli nr. and suWquriit to the 
original relief nf 3 Utid area, whether by adjustment to rock character 
nr itrmture, shifting of divides, stream capmre, in am other process, 
arc called s ubsrqttntt streams m disrirtenon from consequent stnea.ttw. 
Subsequent streams arc very commonly tributaries of consequent streams, 
bur even a consequent stream course may, during tin progress of erosion 
of a region, undergo tnlHctenr change to become subsequent. 

Normal Cycle Of Erosion. Ih .1 no rmul *ye/e 0/ wr tncait 

the rime required for the reduction to or near base level by erosion 
(mainly stream action) of u new hind area of ar least moderate altitude 
with a humid climate, and with no interfering change of level oi the 
land by earth-crust movements The principles involved may be fre^c 
Set forth by tracing through the stage* in the topographic development 
of a laud masv under thr amditiorts just drceiilvd. and with art initial 
sloping surface reaching tn hundred? or even thousand* nf feet above 
sea level. Beyond in this chapter, some of fhi r more important variations 
and interferences with rhe so-iTrttlfd nortnai cycle arc discussed. 

/q/flftfjr Mfiftf* A typical newly formed land surface, tikr the kind 
ju« pictured. ha_s a druinate system developed Upon it. In rhr earliest 
stage (infancy 1 of it* cult? uf erosion, nnly a few streams form, and 
thevc tend ia seek mu the original drpmskjns p and to flow down the 
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initial slnpe or the land, These arc, of course, consequent streams. 
From the very start -nme ui these srreains will he longer, larger in 
volume, util mitre energetic ns rrnsive agents than others. A character¬ 
istic <’f a 11 is (hi- small number of tributaries. Not uncommonly some 
original basin-life irregularities, or depressions, will be filled with water 
to form ponds or take*, During infancy. stream erosion accomplishes 
ver^ little, but the process of sheet emsinn is then most elective. 

Youthful tiugt, The region relatively soon passes into the next 



Fig 57- An aerial view of gully utrvrlnmnrn! iltuoraiiop an early oacr of topo- 
jrnpjiir youth. Ketrleman Hllh, California- I© Spent* Air Pbum. 


stage called youth (F>£- <y,l). During this stage the streams carve out 
narrow, very steep-sided valleys usually with V-shai*d cross-section# 
{ Fig. y8). All of the stream- arc vers actively engaged in deepening 
their vnllris by erosion, or in other words, none of them have reached 
a graded condition. Flood plain- and mt.indmttg streams an- therefore 
lacking. During this youthful stage, there arc tew if any sharp divides 
(divisions ot drainage), and the streams are still relatively few in 
number. The relief of rhe region is* for most part, not rough. Gen- 
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fr.il rrosititi of the region is nor tar advanced bivaisfir erosion i* largely 
cwifmrd to fhr rdaCnrgly few stream chan nek. Gorge? i or auiyoral, 
waterfall*, or lakes (or pond*!! are nor uncommonly indent because 
they are geologically shortlived features which ure indicators either o/ 
a youthful topographic stage ui a region, nr of some gmln^Ic process rjr 
ilisturbance which ha* recently afiWti J a mrngraphiolh older rrgjinn, 
aF pdiltrd out hey4 unL Sum r example of in fnpnfrniphh youth 

arr much of the Atlantic Coastal Plain or the United States which 



^ u - ■'*- A yEitivhfii! V-shapvd va]!*y cm In a Kish plairau of ta,vn. Gj-aml 
Canyon nf the Yellowstone, Ycllrmtfanr Put rAfier IV T. Lt*. l\ 5 , 
Gnilagical Survey, $ 


has recently emerged Irons the sea; the Color-tilo PUtrjiu or Ariadna* 
with its Grand Canyon, which has been uprated in r«cnr trmfogre time 
to its present altitude: and die general vidniri, of Fargo, North Dakota, 
which h part nf 3 large fake bed from which rhr water ha$ been so 
recently drained that ir h in early youth* 

jWiUure Erc^Lon continues until the feature? characteristic 

of youthful topography gradually give wav ro thmc distinctive of m* i- 
lunty ( Fig, 90 L A region in typical matumv heu tl« maximum nuni- 
jer i usually a network) of atiearns most of which flow in vdlcvs which 
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Flu rjy. Bi-s'l dlacnm* vn illutfntr rhv tvnfmjt cycle ernskm in a region 
ui <: n cut j ll j 1 1 uni Turin rocks devoid uf iinporTBnx itmcturiv Top, region mi 
jiouth ; middle, in rcumrirv; butium^ in *dd 4^, See (cjti hr charact«i*tk* 
tit 6[jfJev 
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nre wider am} less steep-sided tlig.ii those of youth, that is, their enjB- 
sections arc broader V-shaped. The maximum roughness of relief has 
dtvtlupctL Divisions of drainage (divides I are well-dr fitted and *harp. 
General erosion is. in fact, then mat effective braird pmrtLallv the 
whole region ha* been cut fu steep fbpt% Waterfalls, gorges (or can¬ 
yons ) p or lakes (or ponds) rarely if ever exist because rimr enough hu* 
been given for the streams to obliterate such temporary features* He* 
tween middle and Liter maturity one (or nwe S of the forger streams 
oi rhe region has cm down near enough in a graded cn-mlitirin (at least 
in its lower course) to begin meanilttiilg with resultant development 
o i a flood plain. During maturity a river system does iis maximum 
Work in regard to amount uf down-cutting, quantity of water carried 
off. and load oi sediment tran^poned. A very fine illustration of a 
region in typical ranitumj U that around Charleston West Virginia, A 
wide region around Lancaster in southwestern Wisamritt. Including .1 
part uf the Mississippi River, is also a good example of m&rurity. Ex¬ 
cept fur the very recent add in on to It here ami there ai some minor 
features uf youth, a-, inheritances of the lue Age* inch a§ gorges, water¬ 
falls, and ponds, the region or vrntTabwrstern lixisachusem with its 
Connecticut V alley, is a tine example of a region In late maturity 
(Fig. tflo}. 

OU-nffr st#gr. M the erosion ot the region progresses. the o/J^tyr 
stage \ Fig, M-n ) I" reached when the relief has been greatly subdued to 
the condition of an undulating plain, or so-called 11 tolling country.” 
Divider are then not lit all sharp* being low, rounded hills. Only a 
moderate number of ttreairu remain, and these flow through wide, 
shallow volleys* Host uf the srreamj (especially the larger unc*) are 
graded or clearly #o. and their sweeping meanders and cut-tiff meander* 
foxbows) on wide flood plains are common and dutrnctcriftie- Gen¬ 
eral erosion and the Amount of wort accomplished by rhr streams are 
much less than m maturity. Gorges and waterfalls are abeni, hut 
oxbow hike*, which are easily distmguishrd a* such, are present, A 
region well along In the old-age stage of its crude? n a I hUt-.n has a 
highly subdued topography of very low relief, which, in rhr final stage 
uf a perfect cycle *f rrosirm. would be a featureless plain at base level, 
tf is do it lurid if any wide 4re» has ever been reduced to such a base- 
leveled condition, although such a condition hm often been nttber doSely 
approached. Very typical examples of n Id-age topography are south' 
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central Karsasts m the general 
vicinity nf CafiUvrllp, find the 
rcginti around Butler, -Mis- 

sour is, 

7'tViir ntr&tvfd* The terms 
infancy* youth, maturity, ami 
old 4 ^ , -ls Above employed, do 
not ileiiNir ;lji} thing tike defi¬ 
nite periods of yearv s hut 
rather they represent st.igr^ 
rath with eertahi characteris¬ 
tics, of the cycle of erosion of 
3 ny given, regiun. S U ice con¬ 
ditions at altitude slope, foct 
chnntcter* asui rainfall of dif- 
fc- relit fe^foni vary* *> widely, 
it is dear that either typo¬ 
graphic maturity or old age 
ituii xs measured in years be 
reached in one region, or even 
a portion of a single regin ft, 
long before it i* ill another, 

'[‘he trims under consideration "have teferaja not so much to the length 
of their hijrorv in years ;n in the amount of work which sjfennis have 
accomplished in comparison with what they have before them. 



Fig. !ei, niigum (■> Ulu-nmt ‘uc[»i*( in (hr nuntirtl cycle of rnjsioft 

in a rtjjiuEi of foMud rocii^ i^frci G- El- Aihltfy-) 

Peneplains and Mcnadnocks. Df/inithns. Any region which his 
Iwm (vi.iii down hi erosive agencies to a condition nf very tow relief 
at. nr nearly -it, b^e level is called a peneplain for powpkne i. meaning 
an "almatt-plain.' A perfect peneplain would be a plain whoih at 
base-Itvil-oferosion, but because prohahU mi large land area h^ ever 
been com plr rely base* level ml, it is oi quinary to call a rfgicni of f a if if 


*27 



Fuel lUC- A rfEi*n iti mlurinr. Connrtti- 
pjijt V ■ 11 r*. at ftfitiftcftiucttlk (HqWrll'i 
relief mudclj 
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relief, well along in the nf its trwinit, it peneplain. Perfect 

bate-leveling of a region must ranrl) it ever fate place Hfraiw, w nM 
age is approached, the rate of ciosirm becomes slower and slower a» 



jet*. BSotL diagram ■s.lin l n.£ .i peneplain innrumni im,! hv a rniiinudmjciii of 
tnort rnmani rock- (Aim W, M, Davk) 


ihe gradients of the ^tremu become l*$s and less, so that the time netes- 
saiy for perfect plxnaribn would be almost infinite. Almost invariably 
diasEmphisin, igneous activity. glaciation, Or some other process notably 
affect* ifir region long heroic anything like a perfect peneplain, or huse- 
leveled condition! i* reached. 

Ji nfren happens that, durum the development ni old-age un penc¬ 
il :im ) topography, more or less local parting of the region are not cut 
down to the genera] peneplain level, either because thq consist of more 
resistant rocks, or because they lie in the midst of relatively wide spaces 
between larger streams,, and so jrc more faiombty situated a&uittt ero¬ 
sion. Such a residual moss ming well above the general peneplain level 
is called a rtiennifftmi. so named after Mount Mnnailnock ni New 
{ lampshiir which rise* compiciiftudy above the now upraised, anti partly 
eroded h peneplain nf southern New England. 

Kristin# pttwpimns- Peneplain*, or even reasonably rfoac apprcra- 
miitinti* to them, are not very common over wide amts oi North Anser¬ 
ine as inny fir inferred from the above discussious, One reason for this 
U the fact that many portions of the auuincnr* including many well- 
worn-dnwn (practically peneplanetl) areas, have been more or Itrs* up¬ 
lifted in recent geologic time (Cenosmic cm), and subjected to renewed 
erosion. Much of the large area com pm me cent rnl-western Missouri, 
southeastern Kansas, ami northeastern Oklahoma has been reduced hy 
erosion to a condition of old-age topography approaching a peneplain 
though still lying hundred* of feet above sea level. 

Rfetntly upmhed prnrptmttt* The vast eastern Canadian region 
extending from near rhe mtcrnarinnal bmpidtry northward To either 
side of Hudson Bmj, consists of a complex mixture of very old rocks 
and structures which, alter long ages of geologic lime, was mostly 
reduced lo l coEiLinon level uf very low altitude. Hus so-called “Liu* 
remian Peneplain ' 1 has since (in the Genozok era) been rather unevenly 
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mpraiwfi] in amount? varying from a friv hundred feet to about 20Q& 
feet In tlie interior uf Labrador for example. the old, eroded, upraised, 
peneplain curtate b *0 smooth that variation oj level ate uiil) ,1 leiv 
bund red feet within an urea uf 200 ,* ** 1 square mi Its* 

it has tong been known that naa*t of the raster it United Suites, where 
the higher Linda such as southern New England New York, arid the 
nortUrm 4 Lnil ccnir-il AppaUdihn* arc situated, wss T during Safer 
,\h-h.-./n;C rime. ‘O.ih'h :vd to iudi widest rend .irid deep csr^iun # h.r t 
ws& all worn down to tiff condition nr 3 remarkably smooth plain 
1 peneplain) near seu level with slow-muvmg (graded) streams mem icier' 
lug over its surface, T|ie differential uplift 01 this vast peneplain to 
attitude up tfi a tew thousand leet root plane in the present iCenoznie) 



FlC'r, 103. A fejmeiiBieil mubh ihnwii)^ nitTrnrbed mtsmtin- VaXitiU 
WaihinpjoiL ■ Holrbv afln (i U. Smith. ) 

era oi geologic time during which Hir- present-day ridges and valley* 
0! the Appalachian Mountains have hem produced hi erosion. 

Interrupted Cycles of Erosion. R* imrfr itirfajr. The normal cycle 
of ero^hin, which, l\s we hive *hnwm rjlda with .1 penrpbim condition, 
may be interrupted at any itage by other process**. Such pnxe&sc* arr 
so varied, and their effect* are often *1 oimpHeated, that we shall 
Attempt only to explain briefly some of the more important ones and 
their genera) effects. 

The most common and significant cause of interruption uf the nor¬ 
mal ode of rttokwi is ebange of level of the land Idi^Tmphiam) Thu* 
A region in any stage of sti rm&ional history prinr to almost complete 
perieplanatinn, m maturity or rarh old age, mat be upraised with 
resultant Mutable inrtrasr m velocities of rhr >trr 3 ms. Such .i region 
b said to be rrjuvrmittd, and die streams whose activities are quickened 
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are said to be rrtwJ. The revfved streams begin fn cut youthful 
valleys in the bottoms of the widrr, older valley. anil thus ;l new cycle 
oi erosion ls inaugurated. Hie effect is at first most pronoun red On 
the valley floors of tin- stratum which arc grade*!, nr neatly so 4 hut in 
rime rl*c whole region h distinctly affected by the revival of erosive 
activity. 

1 1 , Through pn^v^ r>t erosinn, a meandering arrant develop* nn 
a llai: \riJtcy-lmtEfmi, and then uplift ot rhe land rake* place, flic revived 
srream proceeds to cut a youthful valley in rhe old vsHc) floor without 
changing its incamiering course. Such meanders arc known a* m 



FatL IQ4- A rejuvenated rei^oti ilwtVJtig □ VtttrtMul valley eul into an -alder, 
mature rjJlfy, Valley. near Glacier IVint, AUi^ (FIhd hy 

MvottctihuJl. L-. G+ukglcsJ Survey.) 


trfnchrd \ f>r ittfisrd) meanders. Among mifnennis excellent examples 
arc clir San Juan River or souihensicm L/iah. YakEma Canyon in Wiish+ 
iugiun i big. u>jj, the Susquehanna River of southmi New York 
And nunhern Pennsylvania, and certain then* of western (nrrmany fc Bel¬ 
gium. jiuI norrhivraiem France. 

in a c&st* *jf uplift of a region which has undergone practically com¬ 
plete penepSannrion, or base leveling, the general effect es h in nearly ail 
respect*. like .l new land surface [ with consequent stream*} lormed in 
other wavs, ami ii may be treated as such. Such a ca*e scarcely cotnes 
under the category of an interrupted tyde of rra*tan. 
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Re ju venation may be by uniform uplift, hiring, warping, folding nr 
faulting of a I arid surface m any stage r if erosion. An excellent ex¬ 
ample involving uplift and rilling or q great fault block i$ that of the 
Sierra Nevada Range { Fig, iOj). 

C) i A in/trrafittJ h fw/'j idearr- Subiulrnfr of the laud also in¬ 
terfere with a luimuil cycle of erosion. its general effect is rn hasten 
old age by diminishing the amount nf rr«-ric- work ihe sen*.itns have to 
do, CojitiDiinl sinking causes deposit]on ol yrdimeiiE in the valleys fur 
portions at them), thus building up thesr floor*. 



Fm i&i, DjJiririiiri repfHclttfllg □ portion ftf the fcreat Si ctn Nevada fji lilt-black 
Kridn^tatU rw-Tiitl) rcjLtvtwaffi! by Tjutim^ i Alter Maithem^ l* S. Oe^ 

I coital Surrrf.) 


U j seaboard region in any stage uf eioaion, particularly from typical 
youth to typical old -Line, subside* enough relative to sea level, tidewater 
floods At least the lower course- of ihe valleys and thor streams, and 
they are said to be drowned. Nut only ore such valleys, or pnrrs of them, 
drowned. but al^o the get&eml erosion 01 the remaining land Es dimin¬ 
ished, Such o drowned vallry becomes in estuary. while the former 
tributaries of tint main stream, now forced to enter tidewater by separate 
course*. arc said to be diimrmttrrrd* The recently sunken coast of 
Maine is a Hue iUustmtinn of many drowned-river valley The 
drowned valley of the lower Susquehanna River f Chesapeake Bay}, and 
at the lower Hud win River, are also eocmJ examples of such estuaries. 
The submerged valley of the Hudson has been ddinitth traced across# 
the Mht bntrmii for fully i«>i imEr* out haw New York City ( Fig, ft)- 
Othrr rmin of cpin It should not be presumed, from 

the ffrrcgoint: statements, that intern]prions ut rise normal cycle of ero¬ 
sion arc brought about only by changes of level or the land. Tims the 
whole northeastern portion of the United State* from Mltuisota and 
Ir>wa to rhe New UngJjiml co-ot was in - mp>.graphic condition varying 
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from maturity tn early nUl age just be for? tin? great Ice Apr, Then, 
during ami after the recession uf flic great sheet of icr from thtt 
region* extensive deposits nf glacial ami post-glacial rock debris were left 
more p>t less irregularly strewn over much of the surface, giving rise 
to mariy low hills, take basins, and a Ice red drainage courses which 
taller have not uncommonly developed gorges and waterfalls. Thus 
many distinct features oi a yuuihlu.1 topography arc, as a result uf glacis- 



Fiit, iotf, A Talley bring cut In tbr uplifted AppaEurhiaa pen?plam. lit 

rven dtv lime of th? ijjumjfaim, Nciv Kiver* Virginia (After Hitters, U. S, 
Geological Surrey.) 


timi. luncrimposed upon a large land area which was otherwise well 
along in its erosronal history . 

Extensive ouepcmrifigs oi lava may profoundly interrupt the normal 
cycle ut erosion of n region as k so well exemplified on a grand scale 
in the Col u on bin Plateau stretching frorn the Yrlloii'stirjnr Park region 
westward arniEs Idaho and irsfu eastern Oregon mid Waifemgtnn, The 
old cmiOfl surface with its stream ^yiienu wa^ utmost completely hurirJ 
under the thick accumulation* or Jav& T and new stream tmi«cs have 
been established upejri- the newer surface of the lava held*. 

Desert Cycle of Erosion. Stmimi of arid rtgitmt. The eyrie of 
erodon undrf ztraij Htmafr Conditions shows certain eharactcrtstje: dil- 
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frrence* from the normal cycle in humid regions. Rainfall *iid+ there¬ 
fore, vegetarian, ire want* An irid~diinate chsnrcGeriarrc: a that the 
rain which Jut* fall is likely it* lit concentrated in a few downpours, each 
of very short rf urn ham m the course of a year, *jt possibly several yeais* 
Farge trunk streams seldom if ever develop, A few only ot rhe stronger 
streams flow the vear round r ami most ol their tributaries contain water 
only during, and shortly after, rise rare periods ol turn, 

Sfn&tt *tf a /V/-J, rt/ itnrrt in*Ir. ITie arid cycle of ercahui i* $J> 
much mlhiriKed In the nature of the annual topography of the region 
that the order of events in a cycle vatic* considerably* Our present 
purpose is ro discuss only the moit genera! principles as they would hr. 
ill unrated in a rather typical arid region of varied tnpugntphy with 
block mountain* and mtemimir haam>, with no stream outlet to the so, 
and undittUTbd by changes of level of the land during the cycle, 

A great, typical, desert basin like that just described has, in mfmiry 
of topographic development, ajmeuueilt drainage courses established 
upon the initial mr races. Including the mountain slopes. These stream*, 
which a it seldom active except dm nig and alter heavy rain* do net 
heroine tributary lei a periemh.il trunk rivet draining the whole great 
hann m a Urge part or it, but thin flow down upon the floor* of the 
various local basin* where they mostly rink it Way k or evaporate, or in 
a few cises enter permanent or temporary F'pbya”) lakes. _\li;sr at 
the streams are- therefore* mere fragments of what, under humid climate 
conditions, would he a river system with its trunk river and numerous 
tributaries. 

"In rbr yeuiA of the cycle the highlauih arc slowly eroded, and 
deposition rib' place on the dopes and floor of each basin. diminishing 
the rriirf and raising the local base level 4 a strong cuntrast to thr corre- 
sfHsmhng stage oj the norma! cycle in which relief is increased by thr, 
excavation of stream valley a* Even in arid regions. however; valleys are 
cut on the highland dope*, while the basin Hoar is made nearly level by 
deposition r Fig. 107), This *riigc is exemplified by the Great Basin 
arid its tmuntrittF. Water is the chief agent of erosion and deposition 
during the pmod of youth, but the wim! is also important in eroding 
the bare rocks, and in distributing the finer waste, psirt or winch it 
carries outside of thr arid region altogether* Extremely slow as this 
process of complete removal m the finer debris by the wind undoubtedly 
is. yet it U the only agency which actually lowers the average altitude of 
thr region, tor no water How* out of the area we are consult ring" 
(W. B. ScottJ, 
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Fie;. 107. ftloct ilingrama ill ti*t ruling u U^eri 1 :ycie ui ermkHj. 1, nprrtimN fault-blndt n> ihry won <1 

tanhr-iir if uiiaffrcttnl liy crtniim; a, youlhfnl rtojjr ; %, firaiiifr majcej ojie! 1. nU\ aflr mkr^ littjfKirtwni Irain it* 
nrr rnyibiffpd in (he eetci, CimHirrn ImlkHf htil mirki >tipiiltnl tm-rihn^ Krilimtiii*; juJ pamlm-lineu 
ulivmii 
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Maturity of ihr- rtfjpem i* rtadlcii when the highland* arc Jc^plv 
erodcil ami erimiglf «r the rriulting tfdimcttb have Iweji oirried down 
and debited on the finny* of The original separate b mm to ©Wiw 
them id coalesce, "As vKr coyilrsccncrr of bpsirs and the in iteration nt 
srreans system* progress, the changes at die land base Levels will be 
fewer and dowrn and the tMtentfon of the uplands, the dcvelopmeaT 
of gTadrt] piedmont ‘lopes, mu] the gradation of the chief basins will 
be more ami more extciuiet" ' W. M- Davis) - Dunti^ maturity the 



Fm. 10 *. A riciv aen»‘ n d^-rt Imiri Oimrini; Ii^lt U it with 

rnJirmtit *>aHed u^h p, j curritd damn from jdjaenil iiHHUitaius on cuch 
The flbof ni iht bnri* *> mile* mdc, h l*ri*m f<a IrruL Tht tangt 
Ktcptt rlir ba*Jll U mme than a mile hitfh. Noic the ti"r bijcc r.1 Inviul fati Ji 
in bsur. U^pU-itL^ vrett about 5 miltt north -f Furnace Creek Ranch, Dcaih 
Valley. California. 

erosive action oi the wind becomes relatively more important not only 
because rstiiifsill is less on the lowered highlands, but also because the 
swiftness. ami hence erosive power, oi the streams are mudi reduced on 
account of the iiiwvr relief » i'ijj. 107). 

At ti!d agt is approached the original highlands are cut down lower 
and lower, amt the now coalesced, focal basins are built up more mid 
more until the whole region becomes a wide, nearly Hat expanse with 
broad, gentle undulations consisting of bare-roeL plants i truncated 
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highlands) merging into plums of deposition (filled basins]. Such a 
combination plain may be hu above sea level, Here and there masses 
of mere resistant rocks may MAiid out Eld midiial ma sm> n-rresponding 
tti morudnock* of tKr normal cycle of cm* run ^ Fig* n 7). During Ute 
old age in a very dry region the wifid Is the only very active ageot nr 
erosion. By its corraslvc power The wind tends to crude hollows and 
irregular depletions in the weaker rocks. Tile wind also transports 
snmc sediment past the confines of rhe aiid legion, tbi# latter process 
being of course the only one b\ which the general level of (he nhf-iigr 
plain is reduced. 

Stream Capture. tifnmtl prinapfrt* During the crosional history 
of a region it often happens that certain streams steal parts (or all) 
of other streams by a process known as itrcum capturr or piracy. The 
general principle involved that a stream which find* varimts condi¬ 
tion* Jar Valley development i tttiftifali ) more favorable than a near by 
stream may, hy headward extemdnn of itself or 011c 01 fts brandies, 
tap and divert into itself part for all 1 of the stream whose rrosin cidI 
contli linns are less favnrablr. A stream whose upper waters have been 
captured k said to be brhrarifd. Through the process of stream cap¬ 
ture there is a it rung tendency for many streams to leave the harder ur 
more raktant rocks, and develop course* in mfier, 01 f 1 >> reshtaftt, 
*raks, that lit, lit try tend to adjust their courses to the ctmnrctrr and 
structure ctf the various mck formation* ot a ixgfnn. This is known as 
tirbctiirrtl ndfmtfncnt of streams. 

Exmtpt+s rtf jfrrmn capture Some of the more comma n principles 
of stream capture may he made dear hy explanation of a lew definite 
cusc$ + Thus, two streams timviiig roughly parallel to utir umthrr may 
each develop a trib 11 Lit], reaching u«jt toward the other as shown by 
Figure i<jq, Because otic of iliese si leans i> mure active. and bos cut 
Its valley deeper, its Tributary also cuts down faster, and worb head- 
ward faster, than thr tributary nf the other stream. The head of the 
mure active Tnliutary finally reaches ihr less active trE horary and atftirs 
oti its upper waters. This k fs common auetliud of stream capture in 
many regions. 

Where t\v stream^ follow Hpprn\rinattl> parallel mnw mne 
higher than fhr other) lateral ervfthin of ^nc nr both may :;t some place 
complete!* remove the divide which separates them, causing the scream 
ar ihr higher level to drain into the lower-level one, 

Thr capture pf the upper part of Bcavcrdam Creek by the Shenan¬ 
doah Rtvcr of Virginia ha a well-known case of »trc*m piracy. Ar 
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shown by Figure i it\ thr Shenandoah devrloped as a tributary of the 
Potomac in an earl} stajjc pi the erosion or the newly uplifted region. 
Both the PatocnaL Rivrr and BcAtrnt.nh Cn&ei cut gorges through the 
hard rock qI lllnr Ridge, bm the former deepened It* valley much 
faster* The young Shenandoah wa* p therefore, enabled to extend it* 
course Kriithward by headward crwmn, and finalli t apptd. and diverted 
into irsc*JF, the upper pan ot rhr higher leva! Keaverdum Crnrk. The 
aba intoned channel oi the creek across the Bfoe Ridge is still plainly 
prrsermU 

J ‘ I a i ■ *wi*T liver# which iTnu down the western iidc* of the 

Amle-. .Mmiutiiins of Chile have . iptuird the *■ mrrv trreuiH of many 



rn?. lev}, Siiji^rjnn i M ls*E r:m 1: £ 3 limpfr ra^ ui eapoirt hy htadward 

gumrb «.hi -i ts ilni 1 :ny r (Miult&d jI ffr SjUrhury. 1 


of the longer, slower riven which flow down ihr eastern ^idc of (lie 
tnountmwis aitd mcnm Argentina* 

Antecedent Streams, A type of river of «pedal interest is one 
which during, arid for a time at least after* disturbance (by diuifiroph- 
ismj of its drainage area maintains the course it had be]or* the dis¬ 
turbance began* Such a stream ii fiaici to be anircnlriii Iwcause its 
annre wa* ratabli*hed before die him! acro« which it flows was dis¬ 
turbed h> rarfh-crust movement- I fws iniplcat case is that of a revived 
river resulting from rejuvenation of a region by uplift without much 
change in the genrrAf direction of slope oi the land, Thus the rivers 
of central and western Niew Ytuk have, as already explained* cur valleys 
in a rather uniformti u prilled peneplain. Since such antecedent river# 
merely renew down-cutting ahmg their old courses, it is, perkaps just 
as well ii> call rliem Mitipk rrrivtd rivet#, 

A remark able type of antecedent river i* one which has kept it* 
course thinugh a icsing barrier # even a mountain range. Thus rhe 
Columbia River has maintained ir* course right acroas the slowly up- 
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warping Cascade R;mgc fry cutting 4 canyon several thmurtiid feet deep 
while tile uplift wni fcn proEiess. If the uplift li.id gone on faciei than 
the fiver could erode its channel, the river would have been diverted. 

As the Wasatch Range of Utah ubwly rose i in recent geologic Time) 
ncius9 the path of the Ogden River, the river inamraim'd its* emirst hy 
cutting -i deep canyon. 

'Hie Indus: and Brahmaputra Riven of northern India arc be¬ 
lieved to he antecedent, lot thej cut ijrcat canyons through a main range 
at the Himalaya-; and then llow into the Indian Ocean. 




FiO. tio. Sketch map* *h&wme how the upper water* ol Beivcrifam Creek went 
eaptumi to the Shenandoah Ri urn t, Attar H. Wlllii, i. & GVnlnrieEiE 
Sutvcy.J 

Superimposed Streams. An oM I ami nm— with e haract rrim it* ropog- 
laplij, rock character* ami stniourc may be buried under later met 
Tnrmarinrn of very different kind* ,uid arrniigcnsetm The newer, aver' 
|yi rig accurnulatioiu niffs be sheets r*f bva^ volcanic adh-bed*. glacial 
deposits* hike deposits, dr marine Serbia. Tht: surincc of the newer 
rui 01-mnn i_i.lv he utterly different from that uJ Else abler, underlying 
forma riaii. 

A -isnph 1 •-■ r-i c^fHtdcr if 4 ■hw* nr gnitly floping. nearly smooth 
*?rnTn noting on lop of n rugged surface of i|utcou> .irirj iiregularly 
Tilled metaminrdiic rocb- It nnt uncommonly happens rhuE w stream, 
whose course bets been determined upon the newer surface, oits through 
tire overlying rocks .uni into the underlying rocks, maintaining ir-; course 
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jrrwprctiic thi* *urlVc k chiircu’trr, ami ttmicturr uf the Hmlrdvirig 
F»ck*. Such n stream f- ^sid to lit iHprrjjft/totr J m rn^rnfinrf t Fig. up. 
A dm example the Cntnrndu Kiver ui the Grand Canyon of Arizona 
where the river fins cut through a thickness ill several thousand leer of 
nearly finrfrontal strati. And into a very ancient ivnrn-duipiL bnrird 
mmmLun area counting of < iiumplrx arT.iiiErmrnE of hard igneous 
and rnetauKirphiv rock*, lit the strata, the canyon is wide And trr- 



Frti m + Dij|rmiii« jjJuttrafinjz ihr itarddfimfiu j?F j. ^prrimi^v^d rivrr. 


raced, b tit ift rhe hrirJ, underlying rtidts 4 derp, njirmv, strr|t-walled 
gaig? has been i and s* briUE.' cut by the rwer. 

Where, through erosion, the overlying rock mantle has been com¬ 
pletely rumored from the underlying rocks of different stnivnire* rhe 
w^rimpofted streams may have courses very gtrikxpgty not og harmony 
with the structure of rite formerly buried rocks. Tims iji the Lake 
District uf Elt^aild a system uf streams with d distinctly rudul arrange¬ 
ment lias been sujirnmposed upon a once buried body uf rocks with t 
noTthr.st-suurhwt^t trend. This la 4 fine example uf a superimposed, or 

SrcCfAt* Effect* of Stream Work 

Canyons a ad Gorges. Dr finish nr. Deep rm rnm\ ^rerp-wriled 
valley* are tidied purges fr*g. Xiapra Gorge >, diasnai i.r.g, Ausahh 
Chasm of Nrw York', dells i r.g. Dells irt the Wisconsin L glms (i\g* 
Wfttkiug Glen of New York f, or canyon ( c.g. the Grand Canyon of 
Arizona L The term canyon is pent rally applied to a hr^ gorge or 
chasm. 

Fact Art ftttinrinp ctmyoi dtvrfopment* Favrnrs particuljfly favor¬ 
able ii> the development of canygm and gorges are rapid down -cutting; b) 
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ftneanvs, and rode fatMctioftt hard nr resi-rant rnmigh To main rain steep 
lUtpr* or dttis when they are cue into. An arid climate is itfiuUy wire 
favorable ihnn a umis! one because ct-rtcon ivcatliering agnm which cause 
valley widening arc less effective muter dry climate toridiEmm. In the 
development of a gorge nr canyon the down-tufting (erosive) action 
of s stream proceeds so rapidly that the ngeim of valley widening .In 
not have time to mi Lite notably the steepnrs* of the valley tidf*. 

Zitrt Gmyoft. A remarkable example .jI a deep, vers narrow canyon 
is the northern portion (>p-called ' of Zinn Canyon, Utah* 

where a very swift, sediment-laden stnam under srnu-aiul conditions 
bos cut its way down into moderately hard rock (sandstone) so jast 
sa to develop a gorge over j 500 feet deep, 20 in 40 feet wide at die 
bottottif and a few hundred feet for lr-^ 5 ) wide aonwv the inp 1 Fig- 8^1- 
The main part of Zion Canyon, some iz miles ii\ length, varies from 
3000 to nearly 4***0 feet dnrp* If is bounded by precipitous walls of 
red, horizontal beds of massive sandstone overlain with light gray sand¬ 
stone. Tin: canyon gradually gets wider toward its month. The great 
depth of Zion Canvon is entirely the result i>f the dowiKufting (erosive) 
action nf a tributan of the Y'irgrn River, The canyon Jus been cut 
into ihr Colorado Flutrau near *r> western border. 

Kinpj Riftr (Jnnx^tt,, A canyon remarkable lor its combination oJ 
narrowness and depth is the Kings Rkw Canyon nI the Sierra Nevada 
Range of sour hern California. This steep-sided K V-shaped canyon bus 
been carved out of solid granite by the erosive action of the river* aided 
by relatively little weathering, to the ■maxing depth of 6900 feet. Pro- 
found uplift and tilting of the Sierra earth-Noct in recent geologic Timer 
volume <ind iwifttras of the water; hardnrs* nf the rock r and a lihrnd 
supply nf grinding tools are the conrlurnns which have favored the 
development of tins canyon 

7Vir Rvyai Gerg?. The fatnotjA Royal Gorge of Colorado has been 
(and k bring! rut through the fetcmli uplifted Front Ratigr of the 
Rocky Mountains. it is remarkable narrow with almost vertical walls 
rising fra a height of ! t\%* feet. 

(Irftti/I Carton 0 / strixvm- Greatest nf all canyons, nm onh nf 
North America bnt slm of the World, is (he Gram! Canyon of the 
Colorado River in Arizona. Its genera! dimensions are: length,, over 
JitiO miles: depth troni 4OO0 to tot) o leer: and widlh from 7 to l > 
mile (Fig, li-M. Tlits mighty gaU in the earth- crust hau been 
excavated vv ho 11 v by r hr Colorado River .md vinwr uf irs -.boner itib’i- 
TariitSp aided b) Mtherring. Some of flic cm id mom exertion ally favor- 


special eite errs of stream work 
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aHe to this cur]von development have been and are: ft) The recent 
great uplift pi the r^_qLon„ providing a thickness of many thousand* of 
feet <»f rocks to hr cut through b\ the river before reaching grade; 
( J ) the large, very *wift river; Lj) rhe ihtuidarire of nick fragment* 
nifistumly carried In the river, thu> providing tor continually aggm- 
■iLvr cprrasivr action; < 4 ) met formation* hard enough and so arranged 
thill most of thrin arc capable cif standing in difts or steep slopes; 



Fn;, iu A th-w arfTrv> ihr wutldV grenmt tmnyimi Cimtid Cadynti Atkina, 


^ Plinth by cimncjkV of U* S. Rtclriinaiioil Sm icrJ 

anil (5) the arid climate which causes valley widening to be relatively 
slow. 

The canyon has been carved out during the praent period of geo- 
bizical time, and all of thr solid rdclc which mice lilies! the tpscae now 
occupied h\ thr canyon has been curried away by the Colorado River* 
Much of rhe sediment lias been deposited m the form of a great fan- 
shaped delta nelr the mouth at the river, while the rest has gone into 
die Gulf of California. The Grand Canton is still being widened and 
deepened because the srwilf p active Colorado River in the bottom of the 
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canyon is still iftxi to 3000 feet above s^-.i Iced and far from pradrd. 
The maze ot aide canyons is due lo erosion by tributaries ro the main 
river* The numerous buttes am! tne$a$; ottrii of moimtamoiss pi opurtHins, 
rising wlrluis thr great canyon are crnsional remnants which have not 
been reduced a* hist a* thr rest of ihr rock by crosim. 

The foch ef thr main or broader part of dir canyon are ill strata 
nf Pdenroir age. They form a vast pile of nearly homomal layers 
reaching a total tincture or nearly +00 feet as shown m Figure 112* 
TTtese strata include 4aml?stt>rEf, sh.ilr. and lime?tone, I he outcropping 
edges jjI die Mumatinns, which arc colored light gr.n. red niuj ^rerrrifth 
grav a produce rfir <-tiiking colot bamL *0 cleurly tractable foe niain 1 
mile* within the canyon. Outcropping edges of the mure resivtutt 
formation* are m the form of great and ^mdl diffe, while the weaker 
formations yield steep slopes, often tain? covered* 

I n the narrow* V-shaped inner gorge* through which the river flows 
in the depths of thr ciiinon. the rocks arc inainlv dark colored sehbt r 
granise, and of ArrfieazEc jge, 

Ai thr hrgilining 01 the present prrustl of geological rime the Cr 111 »- 
raxio Plateau region wsw an old-age surtax on which the Colorado 
River flowed with a meandering course not far above >ea level* Reju¬ 
venation 01 this old surface by uplift to an atrimdc of 7O00 so Jfrxxi feet 
in thr cam 011 region greatly revived the crt»<vc activity of the river 
which has carved the mighty cha^m out of the uplifted (Colorado 
PI arena) region. 

Narrows and Gaps. River narrows md water arc in reality 
only special type* of gorges or canyons. When, during thv process of 
its valley development, a stream takes rrs course across a hdr T or irregu¬ 
lar mass, ot rock which is relatively more resistant, the valley is there 
carved uut less widely and rapidly titan in the- weaker rocks just up¬ 
stream and downstream From fhr harder rock. Local enntractiuiis of 
river valleys formed under srodl condition* air called namm, nr uiUrt 
paps if They are very short. Rapids, cascades am) low waterfall* ate 
common in river mrrows and gups The more nsi^-tsuif mkL athwart 
the channel locally slows up the process m down-cutting* and so there is 
a tendency for a “temporary base-lcvel-of-ero^uiEi ' To be estaht idled 
for a greater nr 1^ distance upstream iiom the harder rock, 

A few Dt the in any well-known examples of river narrow* and 
water gaps will be cited. Thr Mohawk River at Little Fills, New 
York, flows fui nearly two milts through :i narrow* *req> sided gorge 
hundreds of feet deep in ha fit rocks, while for many miles above and 
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Fit fij. Diagram* 111 Li-^t r n.1 llic fkvcKiptfttiUE 
of 4 met lerraef by a rtttfUU. (Atlfr U. §L 
G^uIej^ih^I Survey. ( 


below the (arrow's The valley ha& betn opened out widek on wealk fucks 
( mostb shales). The lower Hudson River has cut ti narrow! hum]red* 
n| feet deep* and I fa mile* long, through hard granite and rrbteij 
rock*. The famous Delwaic Water Gap has been nut by the D da wait 
River through a tilled 
formation of hard con¬ 
glomerate, on either side 
oi which there are rela¬ 
tive! y weak strain, 

A water gap aban¬ 
doned h\ it* Hiram be¬ 
comes a to-called at mi 
gap because of the ten¬ 
dency for the wtmi to 
blow with unusual twee 
through the narrow 
opening in die ridge. 

Wind gaps very commonly result from stream piracy where a meant 
flowing through i water gap has its course diverted fay n neighboring 
Stream, The principle involved IS perfectly illustrated in the vicinity u i 

Harper $ Ferry, Virginia 
I Fig. ito), where the 
water gap of Bcarcrdam 
Creek wm eon verted 
LilEii a wind gap (called 
Snicker V Gap» because 
of the capture or the 
upper Hrjittn at the 
creek hy the Shenandoah 
River, There are nu¬ 
merous wind gap*, in the 
central and southern 
Appalachian Alnum.uus 
similar in origin to 
M am fjf them are notches in the tops of the mm j mum 
pm rivisl.u niterest in Cumberland Gap, un rlie Ken- 
Luie h which is ,3 pave 71 si feet deep through the Cumber¬ 
land Mountain ridgr. Several hundred thousand immigrant* t rave [in I 
through thss wind gap on their waj west in the hitter part of the eigh¬ 
teenth Century, 


Fro h ri 4 i>iiigrnms IIUturuiiiH the development 
nf 4lltiviid irtracti, iAiiPt l\ S. G**bfclpit 
Survey.) 


Snicker's Gap. 
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Stream Temices. AJimg thr sirlcs «if a thnr rcw he hern:Jw* 
or nearly flat ^nrlacei wkh stst-p front* hieing the stream hei the wiltey* 
and too high to be covered by fli*?d dialers. Two or more of rlwm 
may be arranged onr above another in Slept ike form oil both asdes of 
e hr valley- Such Widiiis F when formed by the action of tile itrnuTL are 
cillcd i mam tnrartu Tivn or r3wif most comcnon modes origiti 
wilJ now be os plained. 

Rttfk hr mi rj H We have already learned that a stream, mt iipprnatfi- 
ing gTadr m (kmii-iuttERf process, bc^ms m wukn its valley Hoor 
notably by meandering back and forth Irani one side of the Valin to iht 

other. A ttoud plain of 
snd\ a stream may be cov¬ 
ered with ii Kirr nr Ics* 
stream ^Irpnsih'i I £alluvial} 

soil. Uplift of region 

piny rhen rule place, cans- 
injr the revived river to cut 
q yuuiig. steep-sided inner 
valley (nr gorgej mm the 
old floi-.il plain. Thr irni- 
nants of the ntd valley flat, 
consisting of TihthI rock cov¬ 
ered with some alluvititu, 
constitute one kind of roirk ttrracfs. An irite resting ease is illustrated bt 
Figure 113 - After a lint is developed m the bottom ni the newer valley, 
another uplift would inaugurate the development of terraces at a itill 
lower level. Kotik terraces also not uncommonly develop during the 
down-cutting ni a valley where resistant layers of horizontal, or nearly 
bariwmaL melts are worn back on the valley sides less rapidly than 
weaker layers just above them. A wonderful success!on of such rock 
terraces occurs on a ttsajznifioenr scale in the Grand Canyon of Arizona, 
giving rise to what may be called (Up ittpi^rnpky. 

AUvvvii frrrstet. IF. for any reason, a valley becomes partly filled 
with alluvial sediment, and then the stream in the valley has its erosive 
activity notably rrvm-i] by either decreased bud or uplift ol the land, 
set-called alluvial trrrafei will develop. Rapid down-cutting by the 
stream may result ill only one terrace level. Often. liowrviT, the stream 
cuts down into the alluvial filling slowly enough to allow the develop¬ 
ment ui meander*. The srrtam then cuts laterally into the alluvium 



II y. Sfrram-euf terraee* in Falser Rlvrf 
vall*> ntir LI]livrf t Efifiib Citluishli. (PMo 
(tv Cn-hm) 
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first can one sMr of the valley and then mi the oilier, in rarh rase I raving 
a Flat with a *iecp face ruivard the *trfatit. Swinging hark tn the op- 
po'nijr side of the valley, this tinir at 1 somewhat lower I reel, a fifw 
(hit is itwdopcd and the earlier (higher level J terrace is partly cut 
:iwaj\ By inch a process n succession of two or more afcHnvtal terrain 
nmv be formed f 1 ig, 114). Excellent examples occur in the Ctmnecriciii 
Valley of Xnv England. and in many other valleys. 

Endian a I RcniMnts, friftcifiUj. During rtir process nf 

general lower mg of lands by erosion* it very commonly happens rhm 
certain local portions are not cut down as fast as most cii the area. And 
are left standing nut more or less cocispicuousk above die general 
IrvH or the country .ls rtmmtitn 0/ ./wiaif, There ,ut two important 
cau^ nl such unequal etr^mti. One is lack ■>( miucjxmity n( chartitter 
and structure of the rucks of an arr^. rltar i*. same purr ton* maii he rithcT 
Isnrdrs. or isifirr resistant- than ofhers* or subject to weadicring he- 
onsc Ira broken and fissured by joints ni ranks. Another cause of 
rroskmal remnants is the less rapid crus fun in the spaces bet wren streams, 
thi't being particularly true in relatively lr\*| plain or plateau district*. 
Erosional remnant* are wmidy iJiaM ami named. 

JWrrr etrti /ifittfltfr/rr* There may be rod fotvrrj, {rinnmUs. or 
consisting rifhrr of notahli harder, 1^ a hired masses such as rhs 
Igneous met 01 Devils Tower, Wyoming, or or die cores nr volcanoes 
fvolcanic «ccb} in Arizona I Fag. 177)* ur of isolated pint hldglft of 
essentially hornogenemi* material sudi us the Cathedral Spire# in the 
Garden of die i~kuh t Colorado i Fig- si !. iar (he pinciack* ami pillars 
-if lava near Douglas, Arizona * Fig. 5J). 

.l/ritfj. If the rocks are in hon/cintjl layer-*, or nearly 50, and some 
Ate border eh-trr others, Hur-mpperf hilts or small mountains* called 
WjW \ pronounced *WyssiT) oiten become cro&tonal remnants. In 
such cases tin: flat surfaces are determintd b) haidrr layer*. Similar 
isolated without Bar tap* tire called hmn (pronounied ,l bcw(s")* 

M«at ami buttes are common -uu! typical in many portions ni rhe high, 
arid to semi-arid plaint and sihueaus ut the western United State*, par¬ 
ticularly die Colorado Plateau of parts of Ariwtn T New Mexico. Utah,, 
and Colorado (Fig. 116). Many mesas, buttes, towers, and pinnacles 
hejon^ in l be category of so-called audit ri< that is* re mi units of more 
extensive bodies of simitar jocks separated from the latter by erosion, 
ttidpr** Where erosion proceeds upon a region of highly iudmed 
to vertical (ur folded) rock layers or formations which are alternately 
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hard and soh T rhe hard belts will* ^penally during maturity. stand out 
in relief in the font! of rid fa because erosion curs down the weaker 
(softer) rocks more readily* developing valley* in them* This principle 
is grandlv illustrated by the numerous Appalachian ridge# approximately 
parallel with the irtnil ni the mountain range* 

Hwhach ns tit ar. A is an erosion nl ridge with a long, 

relatively gentle slope on one side and a short* strep (or precipirou*.) 
slope or face on the other side, Such a ridge develops where nxfc 
layer* [or iormiitnjtis] are moderately tilted with a hard layer lying 



Hji \\h. A rnr>a curved Ot|f of IrarUuntal umta. N<*ar Ztini p Vi:w Mrtfca 
rAiitr U.moiL t\ S- Gwlajkil Survey.) 


between oifl layers* The long gentle dope b caused by the removal 
of the weak rotrk fratn the tup oi the hard layer, and the tendency of the 
weak underlying rock to erode (or weather) faster than the hard tilted 
Inver ju*t above it. Hogback ridges, and successions of ridges, are very 
typicall* displayed near the eastern base of the Rocky .Mountains in 
Colorado, and also in par© or Arizona anil Knv Me* ten* 

A rurpfrt ^ practically the «mc in principle a* a hogback, but on 
one side it- slr.pe b verv long and gentle, while on the ^ihri ^ide there 
js an abrupt slope, ur even a diIt. Laicatrui arc well illustrated in the 
Atlantic and Gulf Coastal Plains or the United States, and. on a grand 
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scale ir< the Colnradn Plateau 
country, 

Mumutwje&t* A special kind 

«i enrthinal remnant ii the 

momtltw s f slmtdy described- 

Jr repTc^mrs .1 residual miiss of 
country rock of any shape which 
has not been 1 educeJ to the 
general level of the peucpinin 
during 4 Jan- stage in the cm- 
atunaj history of a region. 

Vffl/Mnrf f'rw/jjrtf/, [ j, during 
the process of erosion or a re* 
glum a stream perforates the 
neck nf one nt its rather deeply 

enrrem^wd (rncbcdj meanders* 
a nuiurat brultfr rault*, 4 _x may 
be readily understood by rxami- 
nation or Figure nj. The largest natural bridges In the world have ori¬ 
ginated in this manner, several of them being located in Saji Jmui 
County* I nh l Fig 1.1. Grestfst oi all the Rainbow Bridge, which 
would craih span the dome uf rhe* Capita] Building fn Washington. If 
rtbmi!.! be dearly underaiood ch.it natural brieforiginate in various 
ftflitr than h\ the mttnn of surface streams. 

Waterfalls. Dfffmffoiti* Where a stream rushes over a steep slope 
it 1 its bed it furmif a rapid. Where a stream plunge* over a vrirfkoh or 
nearly vertical, rock face it forma a watrrf/df. Between rndiiTa?) 
r^tpidf ami true u'fltrrlalk -ill Kiaifiuiim* exiit. Waterfalls are some- 
rimes called t matin or rviMm-i j f Waterfalls originate in many ways. 
Our prcsrnr purpose h tn coraider only some or rhe most important 
principle? of waterfall development with emphasis upon the kinds of 
iaJls which owe their existence m the tnnre or les* direct erosive action 
uf thr streams which thenudve* form cataracts, 

Niapmw Fall* typt . The mmz c&tninnn priori pie i> involved, in 
what may hr remit 1 .3 the Niagara type at waterfall, so wonderfully Eh 
liberated bv Niagara Falls '.Fig, 119) which is one nr the world's 
very greatest cataracts. Ics tremendous .olnmt ur water, divided into 
two parts i Canadian Fall mid American Fall k plonks about it>.' sret. 
in this type uf wnttrfdl* the fuck formation* lie in mi approximate]) 
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Fig. ic 3. The < .i-.ls Auburn Nuftiral Bridge In HnJitKa^ero 1'iah- (PhiHG b> 
G. L_ Hear*, (curte'sy of I he *S'adnna! Park Si n ice 0 



Ht ng r Ntnflan* Fail- Amrrienn Fall ftn the left and Caiutilian Fall yn the 
right, {PiLvii- hy Rju An Sludm, Phikdrl^hb.) 
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Fie, Oft Structure xertiurt si Niag¬ 
ara Fall*. lAfttr GiJberl. V. S* 

Ijtulogical Sur*rv + ) 


horizontal position with .1 resistant formation on top of .t imahly weaker 
one. At Niagara there is a hard limestone nesting upon soft shales in 
thin fivers. The conditions are shown by Figure 120 . Under the 

influence of weather irtg. mid the 
swirling action of thr water* thr 
weaker, imdrrlymi? pock* Eire cut 
4W^y faster than the harder nvrr- 

JyuiE rock h causing The latter ro __ ___ 

overhang so that blocks of it rati £j 
down ftorn time £u time, and axe 
mostly carried away by thr swift 
current. Thr waterfall maintaim 
itself while it retreats upstream and 

develops a gorge. By this process 
Nia&ani gorge, seven miles in length, 
lias been prod need since the with* 
drawn I of the great glade r of the 

ter Age ftoni the Niagara region —mi more than a few tens cif thou¬ 
sands of yean ago. 

Ytifawtto nr Fiiifa /yjH\ The Yellowstone ty pe of waterfall involves 
a. higlth nidi tied or vertical mass of resisiaui rock c.vteitd Log across a 
srrrann channel, with weaker lock on the downstream t .and usuath also 
on thr upstream) side nf it. At ilir Grrar Falls in Yellowstone Na- 
tinnal Park the river crosses a vertical muss of hard, fresh lava in the 
midst of other lava which has hern weakened by wr.i thr: ring. This hard 
rack acts a* a barrier, permitting rapid drnvn-cutting immediarelv on 
Ih dnwmrcini side, but checking erosion on ir- upstream *ide* The 
river. therefore, plunges ju 8 icer nvrr the vernest fare 01 The barrier 
(Fig, \ 7 \ )* Waterfalls of this kind common^ develop also in youth- 
fid stages uf erosion in region* with highly inclined or vertical rock 
fomiahmts of varying degrees of hardness* 

Victor™ Frith lypi. The Victoria Falls of So nth Africa, probably 
the greater in the world* involves .t principle opposite to that ol the 
\ cdoWstone type, that is, n belt of weak ruck lies across the Course of 
the river in rhe midst of hard ruck Hava’h Thr Zambr/i River, finding 
the work of rrodan much easier along the belt of weak (highly Join red 
and fractured) rock has runted abruptly to fallow the weak rock into 
which it has cut a deep, narrow chasm. Thr river, which h here over 
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Fir, hi. Cimu Falls of the VcIIim'iT^pc Ki> fr* Height. juS It-cf. ^ elinn ihuqf 
Park. (Fltui* Lij F. N. ICcitclATJi.} 
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a mile wide* plunges vertically more than 4 tin feet into the chasm, 
which ti only a tew bum!mj feet wide {Fi£. i 22 ). 

f t* nion Fnlh type* \ i-ginrncift type <ri waterfall result* trurn ihc 
removal of joint blocked rock* Whet* rhr nick Im ifir bed at the stream 
** traversed hy wdl-ileYtbfW vertical cnarks i.socidlrd joints'}, somewhat 
loosened blocks of rock may be further irertl by weathering, :imf then 
one by one pushed away by the stream. In this manner a vertical face 
of rock is produced over which the water plunges. As such a hill re¬ 
treat- by removal of Joint blocks, a gorgr develops, Taugliannock Falk 
U15 i«t Jtigta), north of 
Ithaca, Sew York, and sev¬ 
eral tails t one 50 ±rer high j) 
at Trento [i Falk, New 
York are good UlijatratbiiS- 
) "o i r j;ii j* Fdlh fjrjftr. 

Another type of water fait fe 
only indirectly & mult ot 
stmim erosion. Many of 
tile highr*! waterfalls ot 
the world belong in rhis 
category wlucft wr call the 
Yosemife type on account 
nr the wonderful development nt *nch blit in Yosemite Valley, Cali¬ 
fornia, A very active river carved out a. deep, steep-aided* V 1 -shaped can¬ 
yon fn the hard granite of the Yoscraiitr region. Then .1 powerful glacier 
plowed slowj> through the canyon* broadening, and somewhat deepen¬ 
ing ii, and making if* walk pied pilots b> cutting them back. On the 
melting of the glider, various sribuittirf« weic forced to enter the main 
valley by plunging m-er great granite cliffs. At Ynseinite Falk, 0 stream 
plunp* the anui/ing distance of J430 leet vertically over such a granite 
cliff, this being probably the higher true waterfall in rhe world. The 
same water, alter descending a very steep slope for 800 feet, plunges 
120 feet vertically to the floor of the valley (Fig. iajT Bridal veil 
Fall* in the same valley and of similar origin k hlo feet high. Through¬ 
out the mnnniaincpus jxirtions of North America and Europe which were 
occupied by glacier* during the Ice Age, thr Yosrmitc type of waterfall 
is common. Examples are a fall i20G feet high [ though not wholly 
vertical} in rhe Ynlm Valley of British Columbia, and one OOO Sect 
high tn the Lauterbruntien Valley of Switzerland, 



Fic. 112- rirtiH v\tvt of parr of VkstHfa FalK 
Zambcti Kiv^r, SmuiiJi Africa. \ Ph^io hy 
A j; Oner.J 
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Fh. «3J. \ J.wmitf Fillli, fjliloinii. t-ppn ponlnp, I4]« fco; l|!W(t |h>ltinth 

jio t«L (PJinln by F N. Krwdailtf.l 
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Fit: «j. A itrinm bed nr limr^ohc Jwney- 

nrraTithfiJ uiili peihuli-* LtaudvjJ I r m New 

Yurt. 


ST ream, Local pun inns or stream beds may 
fiolrri (Fig, U4). 


Pothole W here 
rml iiMgmems are given 
a rapid* twirling motimi 
by an ciltL in a twill 
stream they often wear 
round nr cylindrical exca- 
v utiufia, Itmivn as /tot- 
in the bedrock ai 
the ^Tii Jin. Such in eddy 
my ft of imnoe main fain 
itsdi ns uric pi race long 

enough lor the grind mg 

action to devrlop ihc |mt- 
hole which ma\ be from ^ 
few iiilIus to is fert or 
mure in both diameter and 
depth. As 1 he grinding 
material*. consiirittg u i 
sand, travel, 01 even boul¬ 
ders, ivear one. new mate¬ 
rial are supplied by rhe 
be tinno combed with fKit- 
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GLACIERS AND THEIR WORK 

Geological or Glacier 

Whew a body of kt. which has been formed from compacted gmiw. 
begird to sprrLtd or flow bum its place ol accumulation it is called a 
Wrfrirr. In *hort T 4 oi flowing ice ctiaj be e;nUrd a ghider. Glaciers 
vary in iisc from a fraction of a ^uiire utile m> many hundred* of 
thou mind* nt milrx 

Much uf ihe land of the earth is„ during at feast pari of the year, 
covered h\ snow or ice, and cocBiekrabk areas nrc perpetually covered. 
Moisture, lacked up in the lorm ui snow and ice. would (end to :lc- 
cutimhite jndofimtety id rfjpow of perpetual snmv if it wrre not fur 
the important part phied b\ glacier in returning much of this mois¬ 
ture m lower and warmer level** 

Glaciers, like rivers. perform their principal geological work by 
erosion of rTir I Lind, and by trisisportalioiE mid deposition of rock debris. 
Although such work accomplished by phidcn? is* cm the whole, much 
Ira than that of streams* it is. nevertheless., of great importance. Streams 
have been corataotly ■*( work upon mast oE the tend* lor tens of mil 
lions of years,, while glacier have been much mrift rrstrkud both in 
time .mil place. Wafer, wind, mul ivc art the three great agents winch 
operate to modify the land? of the earth by the processes or elusion and 
deposition. 

Types of Glaciers 

According to thrir form. risw t mid position, wr may recognise five 
typn nf glacier^ as rnlbnv*: f | ) f'rtHty s/ferfr»y. < 2) ^/jfrirtr, 

(j) finiiiifiUTf ^/rtfifrr, l 41 ov i^, and {3) rowrfitrwPi/ h r.T, 

ValleY Glaciers. The*c art often oil led a!pint $lntier$ breansr uf 
their Typical development in the Alps where they were llret carefully 
studied. They are streams ol ire (1 Diving i ll rough v id leys, 11 nd fed from 
catchment basing oi show JueateiJ ill region* of per pet 13.d snow. They 
may have rnhutnrirs but, as compared rn river*, (hew relatively few 
in number. Oi .iff the Types of glaciers valley glaciers arc the most 
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abundant. They rsogr In length up to about nine miles in the Alps, 
ami up to 41* or 50 intlt* id southern Alaska Valley jrljtirri vm 
commonly attain thicknrv-r* of frmii a fra hundred k r.t tti a thousand 
ire r nr mnrr, and ai iilrh- -d from nrte-fdurth >*f a niilr to HVtrftl miln. 
Hanging Glaciers, ITu^c are sometime* railed rtiff glftf'nrt. They 
arc poddy formed, usually small, gfaders which occupy depressions or 
steep tie its high up on mouri tarnside? and do not descend into valleys. 
They wntrfimr* 0»vc iu the edge of a ..lift or 1 itrv strep slope ami 
hmtk uff* Where a glacier of any Lind, but especially j hanging glider, 



Fiu u^r The luiYcr end nf Denver CTaricr near Skajrway. Ala fifes. 

moves ti» tile edge of a difl nr a strep slope and breaks nff h the frag 
merits which Eat I to rhr b^« of the slope may mx/c together again and 
form a r^omtr^ifd glaricr. Tile Lefroy pUrirr near Lake Louise* 
British Columbia, is ft gpod example. There are many fine examples nr 
hnuipng gbicirn in the Rocky M nun tains of southern Canada and 
northern United Starts, ami in the Cascade Mount aids oi Washington 
and Oregon s big. 126}* 

Hanging glaciers show all -tapes of trail? 11 inn tu 11 it valley glsrin*. 
Such intermediate types are wonderfully displayed on rht great volcanic 
tone of lit. Rainier. WftdunjpHi, whose very $mp sides support a ays- 
£ku of nearly 5 <j square miles of giadets* 
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Pitdmont GUciera. A piedmont &Wtrr formed hy the cnalcttfnce 
of tin- spreading; ends of Valle) ghdcTb where they tlnw down mem maim 
and (nit upon rehtivdy levd country. It is. in effrer, scmcwJuir like a 
lake of ir.e at rfii- foot of a mountain. The Malttspin.i Glacier, covering 
IjOOsqiiWi miles at the foot ul great Mt* St Elks in *outlirm Alaska* 


t“ir H ll.lHxi'Mi glaefaf* liraf Lifclr Chtafan ill kite Caficacck Mnunlnlrti o$ 

VV jjii Uj 11 ^ch rn LPfautD \ty U. 2s, JfccZlUlkiitiut* Si-rvira) 

U a fine large sample It has ft nearly level surface, anil it moves very 
sfoyvh. hs harder porrkmi ntr jj Imoat completely concealed under ruck 
debris and even forest growth*, Muir Gilder iit Alaska k mfemiedkir 
in general character between a valley glade r ami a pied r mi nr gl tuner, 
If cover* hundred* of square nitlrv { Fi^ ijj)* 
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Ice Caps* In certain bighdnrifiide rmmii*, such -ti Scud tan vm, 
Krbn.l. ahij Spit/beigcii. glacial ire may aci'iJinnhle cm rrl.i?ivdy lord 
plains nr fp|im r ELLis as icr shtirt* which dcrwly spired nr Flmi radially 
from their ceniers, Thcw are called id 4 caps* They seldom cover mmr 
than a few hundred sqourc iiiilcs. Il properly situated, they innv send 
small alpine glaciers down radiating v.illnys. 

Continental Glaciers* The*? are nr iA*v*i of gtuat rMrnt, usually 
covering many tlmusiEiils of ^jujire mites, They ,uc ( in pnmiple, much 



Flis, TIV A tfertrral rirw flf the erraf Muir Glacier, Alad/it. ftlfiwlnp Tbs irrmi 
uji I cliff (u-verat hundred reti h»j;h in ruif mraicr. ;t%no hy II. F* t?r*id. i 


like ice caps. only they an 1 larger, \ vsrtt Irr sheet limv oiycja fid It 
51 io,oiin square mile* of (incmiindi and tr* rnneum is forward hi »i 3 l 
di remans toward rhe sra. It sends off many tongues of ice mm the 
tide water, A still greater icr sheer covers much qf the south polar 
region 10 an extent ni prnbahty at least several million square miles. 
Thr Greenland nod Antarctic! kt sheets are the only onw at present 
large enough tu be eluded as continental giiiter*, In lima past, how- 
rerr, sHl! greater expattM?* of glacial in- mr Lnow 11 t" have Decupled 
certain pnrrmns or tfir curth, Thus during th? ire Age of Quater¬ 
nary time a vast glacier envered about ^TO.000 square mites of North 
America as described in Chapter XXIV Part I I of this book. 
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Existing Glaciers 


Mil&int of square miles of tire earth are covered with glaciers tann¬ 
ing in *»** from a fraction of a upiare wile to millions "{ *qum mjle«- 
Greatrst of all are the vast ice sheets, or continental glaciers, occupying 
much or Greenland and Antarctica* Ice caps of k» extent rtccw in 
the .Arctic Islands, Spitsbergen, Iceland, and southern Scandinavia* 



Flu (i*. Map itunviiig iht (;«»» q'lRm of so square miin of mili'iovs 
(in Mr. Rainier. WaUiinpoiL (Alin 1 - S. Natfamsl Part Senrier.} 


Piedmrmt glaciers, like ice caps, are Hot Very eumnum. their best repre¬ 
sentation being probably in southern Alaska, 

Of all the types nf glaciers, the valley i>r alpitir type is by far most 
abundant. They are best known in the Alps where there are probably 
no less than aoti<> or them. Most fit them are less than one or two 
miles long; a few ire from three to five miles long; and one—the Great 
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AIcE^rh'—U aver iirtic mile* In Europe, the Pvrem<s, Carpathian, 

Caucasus Mountains, -mil tlu* nvumiaitaof Nmrwm also ilipport numer- 
on* valley glarim, flii^v of Norway ami rJn- Caucasus being especial 11 
large. 

The grear Himalayas of southern Asipt support a magnificent system 
of very Imgr, high-altitude, valley 1 gliders* many of them iron i 5 to 30 
miles long. Africa enn rains t av if m\\ glacirfs. 

The Amir- -Mountains of South America support mmy vrillr^ gin- 
ciiTi., same small atpr* at v*rv high altitudes lying practically at the 
equator. There arr main Large valley gUcim in tlu L southern Andre. 

There are rm glnrim in the eaitrm t^vo-thirds of North America 
but the western portion nr die continent coma iris many o* them* There 
: fc re irus of thousands uf glaeivns fn wathrrn Alaska, most of them by 
far bring valley glaciers which ratigr in length L]p n» 50 miles, and in 
width i 1 u* five nr six mih>, l)n™» of them Jlmv down tilt niomi- 
tauw into tide water whew they lue.iL off to inrni rcelvrgs. Southern 
Alaska rs a minder I am I or bur, mount* tnv v^t firing ot peipcrtial snmv, 
and numerous* great valley glaciers (Mgs. 12 > and T*y), Valley 
glaciers of fair size, and hanging glaciers, nre common in the southern 
Canadian Rockies* In die northern Rih’Jcjw of rbe United Stated from 
Colorado into Montana, there are $cme> ni mwll glaciers, mostly uf 
The himgiiig'glaciLi type, especially in iitiwier Nafbuud Park. The 
Cascade Mountain* of Washington* Oregon, md northern California, 
especially the higher peaks sLseh as Mt* Rainier, Glacier Peak, ^ 1 1 . 
Hood-, Mt Jefferson, and Mr, Shasta, suppon numerous glider* rang- 
ing From handing glacier? tu wtte vaJUn glaciers from a fraction ol a 
mile to five mile* in length, Some small Uqrigi'iK gbrier* occur in the 
iotirhem halt of dr Sirt:a Wvsuf.i ICmgv i*f California- Certain high 
peaks of Mexico support small glacier. 

The Great Ice A01 

The Quaternary '& the tafesi great period of earth history. anil it 
slid tortriiiure for ft ha* led up to the praam-day corniitium, This 
perfml \\.v> ushered in by dir ^reading over much uf rmithrm North 
America and Europe of vast ice sheets which must t^ke r^nk «\s one of 
the most interesting and remarkable occurrences of gcidogiol tune. 
During several other periods oi geological time, glacial ice was more 
nr Irs- extensively developed* particularly during I are Puleuxmc ttmr., 

but the term “let Age* 1 refers fn that of the prreem (Quaternary) 
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period. Existing glaciers are bat remnant* af the once much greatei 
glaciers of rhr Ice Age. 


OntGlK of GlacJJIELS 

Perpetual Snow FieMs + Glacial ice is derived from snow, Twn 
conditions arc necessary for the formation of glwritiv tow temperature 
and sufficient snowfall. Three conditions oh run in perpetual te 
fields* that is, areas over which the snow persists season airer season, and 
yrar after year. In such snow fields there Is a tendency for snow to 
accumulate faster iliun it can be removed by melting or evaporation, 
and tJie excess miioiv is removed by being r tans formed into ghurisil ice is 
explained below. Sulne snow field* arc t-small to produce riNiugh 
ice for glacier nation. 

The line above which snow : always present is called the nvtitr line* 
It ^ ill other words* the lower edge of a snow field. Snow fields 
occur in all the regions already mentioned as contuinhig sjtaritci*, They 
are (tot uncommon, usual] v aT relatively high altitudes on ill the grrat 
land division* of the earth except Australi:!, which ha* none, and Africa, 
whose few small snow fields are confined to a group ol high mountain* 
in the east-central pari of the continent. 

tn the Antarctic, and in parts of the Arctic, reports the snow line 
k at or near sea level, while Its ibe equatorial regtem it is from i 5 />h> 
to |8,0UC> fret above *r» level* 

Change of Snow into Ice. Every perpetual -.now fir Id i> also, in 
pfcit at least, a field of ice. As the snow of such a field uccumubti^ it 
gradually undergoes a change, especially in irs lower portion?, first into 
granulated snow, called ;jjW + and then into solid ice. In the late winter 
and early sprint;, snuiv hanks in thr northern United States of too exhibit 
atieh a granular appearance* In the snow fir hi the neve gradrv down¬ 
ward into porous ice, and finally into volul ice. 

Ttar transformation of snow through no e to ice is effected mainly 
hy the weight of overlying snow which squeezes together and compact? 
the snow crystals* and hy rain or melting snow working down into 
thr snow (here to freeze and fill spy ere between the Know crystal*. 
When thr ice beneath a mmv held Incomes deep enough f usually af 
least several hundred fret), the spreading action or HoWftge develops 
and a Racier k fomird. Repeated fulls of snow over the gathering 
ground of the glacier keep up the supply of glacial ice. 
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Movement of Glaciers 

Rate of Movement. 11 tr average tatr of movement of glacier* it 
far la* than that ot liver*. Matty observation* have shewn that the 
average rale of movement of flic gkrim «f the world » net tnnre than 
a tv\v feet per day. Most of the valley gtnrier* of the Alps move from 
one ro three iter per day, am! this is abrnir nn average rate for glaciers 
ut this type. A most exceptional case is a certain glacier, extending a* 
a tongue of the great Greenland ice sheet ivliosr rn.tr ha* been found to 
be 60 to feet prr day, Some of the very large glaciers of Alaska 
mmr at rates Ui from 4 m 40 feet per day. A glacier advance! across 
country only when its rate or movement is greater than its rale of 
melting. 

Laws of Glacier Motion. The nature of glacier morion k by no 
mourn simple. It involves difffrcntml rntotfon in a rather complex scute 
ut rh.it Term. Brief mention <if most of the so-called "law* of glacier 
motion” will >trsr to make clear the comp} tested mini re of ihc move¬ 
ment These laws which apply tnr*r typically to valley- gUcim, are m 
follows: 

1. A glacier, to .1 greater or less extern, actually glide* or slides 
mtr the earth's surface, This is abundantly proved by tlic eroded, and 
often polished and striated luck if fairs left by glaciers. 

a 1 Tlit (up portion of a glarirr move* inter thwt the bottom, because 
or friction of the glacier on its bed. This has Keen proved by observing 
the change in position ruf a vertical line of pegs driven into the steep 
side of a valley glacier. 

3. Thr middle portion moves faster rh.in the sides because of fric¬ 
tion of thr glnder against its containing banks. Thh is easily proved 
by observing ihr changing position m a row oi marked objects placed 
across 1 valley glacier. 

4. The velociry increases with sterpuesa of slnpe of rhe bed, This 

has been proved particularly for certain elarirr* in the Alps. It must 

be so because gravity is the ultimate force which causes the mot ion. 

v The velocity increase with the ihtvkne& of ice^ This again it 

due to rise fact that thr force -«f gravity \> mure effective m causing 
movement if a body of glacial ice cut a flope k relatively thick. 

b. The velocity increases with temperature. In warm weather a 
gladcr moves faster than in cooler weather, that is, it moves faster when 
it i* melting and contains mure water. 

7. Vel-ocstv hn:rra.se$ with vtraiglrtiies* of course. A glacier flows 
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]m rapidly through a ciwlccd valley because thr friction is greater a* 
the icc current rounds the curves, 

H, Velocity diminishes with mughna* of bed. The mntrati of Jfsr 
glacier is retarded by being mreed over innqu slides or obstacle* in it> 
bed. 

q. Velocity diminishes wLtfa amount of fond in the basal portioti. 
Thsti h because ue increased frier inn of the glncin un it? brd. 

ia The line iri t:reair*r vdociry it more winding than filar of the 
Eladfll channel, jnst as in a river, the tendency aW in a winding 
gheirr is rnr rhe tine of greatest current to swing hack and forth fmm 
fpnc sis h to the other,. 

\ 1. A stream of ice dow nor conform to minor i rTesruIaritire of the 
iiflrt of the channel. A glacier several hundred feet thick, iiiav move 
past ihr cml of a tributary vnllrv witlumf fimvjng into the latter to seek 
rhe gen cm I icedeve!- In fhri respect. glacier nwvrmcni Es u-o different 
from fliai of via ter. 

Except tor thr metre of gravrry which inaugurates the movement, 
the iim&e of glider moduli is not yet definitely known. Severs! thwrirs 
have burn advanced* hut it would carry us into lod great detail to dis¬ 
cuss them in this book- 

l OVVRjE I.I, 1 VIJTft OF GjACtEfcS 

Wt Imvc already learned that glaciers almost in variably originate 
in regions of perpetual snow. A rare exception to this rule might hr 
thr funtmdnri id a rcLunatmctd glacier below the snoiv line. Under 
c.i - -p r .ill!r Ospugraphu i-nnditioiis must glided or considerable *i*c flow 
down m grcuirr nr \m distance* lurlow rfw snow line. This is particu¬ 
larly true uf 1 alley glaciers, Many small hanging glqdrrs move lietlir 
if any below thr WWW 1 mr. Pudinunt gladi-is generally form well 
below 1 the level of the srtGw field- Icc caps often send tangoes of ice 
below the edge of tSir MKtu field. Continental glaciers usually lie very 
lurgi'ly within snow fields, though around then bordm the itc imv 
extend beyond thr mow line. 

Valley glacitns nor unmnmionU move -ome miles beyond, and several 
thousand feer tv low, thr line of perpetual snmv. A comparison nt rmi- 
tude^ uf some examples nr lower limits m glaciers with the 4 Incudes 
of thr snow line in the saint regions as abnvc lifted will be instructive 
in this CfiminciiuEC In the -southern Sierra Nevada Range of Califoma 
the lower Umft of glaricr* Ls abm.it 12,50$ feat, On Ml Shatra in 
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northern California if L ahcmt ■> • inf. The lower limit in ihe Cas- 
cm f r \f-? lb of Waahinglwi is about 45^- foes, while *t tin? same 
latitude in the Rockv 
Maintains of Moitrsna it 
[t about b%co f«t, 1 hr dif¬ 
ference bditg due mainly m 
tlir greater >nowulJ ill Hi* 
farmer region* in south run 
Al-L%ka n number df the 
great glaciers move down 
10 tide water, there w 
brral up in the fora of 
irrberg*. Glarim of mu th¬ 
em Greenland reach the 
*t;i. In the Alp? t hr lower 
limit is about 4000 feet* A 
remarkable case i* in New 
Zealand whire targe gb- 
ciers an South Ulaud flow 
down into ftutvrropiol for¬ 
ests of tree terns. 

V riic p™ffon of the 
lower end of a glacier <b- 
fxuids 11 pun the relation bf- 
tW«n rate of intfwctoeht 
and rare of milling and 
evaporation or tbr ice. When rare of movement predominates » rate 
of evir{Hinitinn and nwliinfr the end tif 4 glacier advances ami vice versa. 
A rather drlfcKtc balance will cause the end ui d glacier to remain 
stationary for a time. 

Must of the glacier* of Europe and North America an now retreat¬ 
ing, Thu* 1 file Rhone Gfoder in the Alps has rerreatcil a considerable 
1 cnelson of a mile ill the Is^t years, T he lllccillctv.'ift (1 lacier in 
the Srlkirk Mountains hat fetnaird hfoidred* of feet during the Iasi 
30 yea ns r NbquaUr Glfteier mi Ml* Rainier. Washington, ua* about 
a fifth of 3 mile longer in sHS^. The tidiMvafer bunt of the great 
Muir Glacier oi Absta has retreated several miles hi the laiC 30 



17ic;. 3 19. A ^rra t rr^nivrfi^ rtfVHiw itl f?*i+lh 
Shi. e l .1 Sir! Hr, Ca.M’adt Mountain*. Ofr|?(ll 
bi t : $ Forrsl 5<3Vk*-> 
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Cim v$*n ia Glacikrs 


The suffice of -t glacier i> unint])' vm Kntjili* irregular, am! k'l-Urn, 



ness is due in |iar< to irregular melting of the ice; m streams of water 



FtO- tjft SLftcllfl ilfiVTing on^li ftf crcva^i in cdncsrt*. A. ^tructnre m: cti-dil 
showing IfiKi^vcrvc ntstim! 1 J and C, giminil JUan* hhcHving mir^mnl and 
Imn^nu Jinal HfrtU lt%r 

which melt ami erode channel* in tfir kc; and to Lirqpihr ucomuik- 
tfons of rock debris, nulled moraine described beyomL Thr major 
irregularity and ruugbries? of surface ts. however, due in the p reseeire 
of numerous small anil I urge cracks ami fissures “which nil! now be cEe- 
scribed and explained' They arc of three general type*. They van in 
width op to 20 i'ert nr mure. And in depth to hundred* oJ frct. 

Much like rtioLtises candy; ice tends to crack when subjected to a 
relatively sudden farce, partkularU a force or tritsmii. Thu* where 
there ls a rapid increase irt dupe across die bed of the glacier, the ice 
mat not be able 10 mold nself over the fcllilnr without rupture, and 
inmsvtrtt ertva n« develop across rhe glacier I Fig. UO). This i£ 
becmtic tension in the upper piitimi of the glacier is grearrr ifuui hi the 
lower portion over the salient In eLk bed • Fit;, 1 50), A rapid change 
of slope of on!) a few degrees ri uiuajly suftkirm to cauw transverse 
crevasses. Owing tn the forward morion of live kv, old crevasses often 
close up, and new ones develop over the allient. 

Due to the greater velocity or the central portion of a valley glacier, 
*.tresje^ and sr r.mK wt up in the munpriul portions often c-rmse marginal 
trfrauft lo develop. Such cracks usual] ■- cvfrud obi fa Ur]} ujnpn-urn 
from each margin or the tee well into the glacier at anglis nr ippmvt- 
matcly 45* l Fig. t jo) 
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Where a gkidfcr spreads laterally in a broader portion nJ n valley, 
or where if terminates mid spreads uui ah .1 nearly flat Surface, Icrtgi- 
ludhwl rr* vastrt, that 
crack* roughh parallel to 
the dirt-erioTi of ice-Bnw* 

usually develop* Ira such 
eases die tee h\ fracturing 
fields- in the force of ten* 

*iofl which h ciumed by 
relatively rapid spreading 
(Fig. ijo). 

A type of crevfl&se act 
really within ih t body of 
(he glacier should! be men¬ 
tioned. This is thr hrr?- 
i. hrurnt which develops il 
the head of thr glitch-r 
where the ghicirf morion 
begin** This feujc tor series of then* 1 form when- thr thick body 
iif ire, neve, and innir complied mow oi the snow field draws away 
from the thinner less compacted snow or fhe upper margin of the simw 
field | Fig- 131 L The ber^htund will be referred to again in the 
ilistruMSf.ti fir iilacirr rriwmii, 



Mouses 

Most gbrim carry K or drag utmiE. more nr less rock debris ranging 
in sbe from very finely divided material m £rrat hmldrrs. Such debris 
is transported by u glaner cither on its surface, nr within u r or ill or 
uiuliT its bottom portion. Thu term naorttfflf applies to all material 
gathered, transported, ami deposited by glaciers Morainic tnnicria! ts 
represented partly by rock fragments which sut rolled nr washed down 
upnrt the glacier, ami partly by ruck fragments eroded b* the glacier 
from the hr A ami side* ul it* ehaiiml Morainic material carried nn 
top of rlir glacier may he called tttpfrffaifhit . that frozen within it, 
nv^foriri/.* and that in and just under its bottom portion, uibgfocml. 

The supergiacial debris is mostly <tf two classes—lateral anil medial* 
Whore it H arranged along the ridrs of the glacier st is called A 
wnrfiine* It «nwisrs mainly, or wholly, u* material which his Tolled or 
washed down upon the margins nr the glacier from its bordering rock 
walls or sidiy^ It is usually rmist ooiwpicuous toward thr end oi the 













GLACIERS AND THEIR WORK 


<t*6 

glacier where it fornw rule* 1 * lSl from a few Feet to a hundred 

lctr T or psorc, high, A mn/Jrt/ /?mrurjf/ belt rmi ilrbrit oil thr 

surJace of tbr glacier, well aim from it* nmrgiiu St muj or mai not 
be in the middle of the gtncscr. It near)? sdvviu* remits when tirn 
gUmn How together, sr* that twu adkenit lateral moraine i. oner fmm 
cadi glacier i mute rn ftrmi a medial muiaiiir. A trunk glacier, formed 
by the union of fcevrtsl tributari^, may *huw -•■• *t;iI medial moraine* 
En#!ru;wl marrritil results partly m>m rovk debrk which auuii white* 
m\ the surface in ihe catchment hasrn, nrul ** Intricd under nrif mil* of 
snow which change to ice, and panlv from debris which falls into ctc- 
V fl*sr* in the gladcT farther down its course. frigtariul rmucnal may 
travel mki through the body oi a glacier and then emerge at or near 
lit terminus- Marked object thrown mio the sources (catchment ba¬ 
sins) of glaciers many ywrt ; j i^v hav* heiri frniml to tuirt^e ar or near 
rhe lower ends of the gkriera, When, through ineltinj; and rvjtpftrariutt 
Of the tup ice. fromc of tile en glacial material appears at the sortace of 
the glacier. > [ ktordes m firry hum! mauriaL 

Stiifft&iitJ w taUriuL ahn called the ground moral tie, ll lodged witfius. 
nr dragged along ju't under, the bottom of a glacier. It L&iutite id 
lupi-rghcht and engkcdal malrr i. L ls which make then way to the buttoni. 
together with muterieds picked up hv gjiivirr rro-im The greatt*t |*ir- 
tmn oi all maramie nwrcriai k carried m the bottom portion of a glacier* 
j\ll ruck debris—super glacial. engUriifd. and siihghcial- — carried 
n)png hi 4 glacier ultimately tends to re-fldi its terminus where it 
accumulates to form tlir Urmianf m^mnr- Such a moraine become* 
mrtsi cmistiicianLi* when the lei minus of ihc glacier remains practical!} 
am nonary for $otnc time (big- fjS)* 

Draivagp of Glaciers 

In mild wrather^ .< glacier nearly id way* ha* cfcraim of water upon 
it, Mi*t of thb water rrtults from melting uf tile ire. hut Mime of it 
may flow down the valley si-k-s. and ihcniw upon the glacier. Most nr 
thiy^ streams are vety Temporary, and they usually (In nor flow far 
heiorc pouring train crevasses, nr aver the sides or cud of ]hr gbricr. 
Snmr ’ri ibr waK't follow* i nglacial rlinunek tar .1 lime, and some of 
thi> rnglachl water muy i*iur from thr side* of the gbrier 3 hove in 
bottom in The fnrni of ipringv Tin grnrnd remtnt. b . k, hmvever H for 
thr water to accmmibtc in the fnrni of u ytrfini at Hit: bottom of |hc 
glacier, and 10 issue at or near the terminus of the latter, »iften ttutn a 
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tunnel (Fig. rid. Thr u-atrr of such ji eubglucial stream ft character 
iticiUlj turbid 4ltd whittah because it is charged with very find) jirmjinS 



Fig* A gLori&icd le^c of *an«T^rrn£ h'vzh lift 3n thr Rofkv MrniftliliitiL 

Glottic* Mumaiu. 


partidrs of frv.di, Uttwanfcefcil rmk. Ordinary streams in flood are 
usually brownish or trllowinh because cbarged with weathered material 
rich in oaide of iron. 

GtACIAI. Ebosion 

How Glaciers Erode. Glacial hr, illtr rutming water, cart iceum- 
plish more or !r^ erosion nl loose and mit rock material*. Rut. like 
watrr, ice has considerable power to etude nrlarivrty Iiartl rock only 
when it is properly supplied with tods. 

An important process ut Ktfld.il erosion is wrrasit, it, that is, the 
rubbing and grinding action of rock fragments either Iro/.en into the 
bottom mill liilrj of rlie glarirr, or si touted fust underneath it. Much 
of the work nt erosrrtn i*. thru, uccnmplislird tint by tile ice it-wlt. hut 
rather bv the rasping, grin dins, nnd rubbing action of thr rock tra^- 
nlenti carried along by the glacier, Rock sm faces which hjvi been sub¬ 
jected to £ladal iorrasion arc characteristically smoothed and usually 
more or Ires scratched, striated or grooved [ Fig. 132). Such scratches 
Hid grooves 41c known as tfliutal 1 trior. A ‘ilaaatcd rock surface of 
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ihis kiml constitutes one ni the hrs! pn*»f* of tlir former pf^fflcr ni a 
glacier isi a region,, and the striae indicate flic directum- or the i^Lici-rr 
mm-emmL 

Another important process oJ glacial esosi'iii is ftfiuhftff nr 
Thiv tfinritita ill *epnrarmg from the bedrock* mu! pushing along. blocks 
pfr rock already more or [r=* Incasestrd hi mint cracks. Highly jointed 
rocks afe. tbrrrtorr, nvtr>t ^iscepftbk u> jhieial plucking. Such joint 
bSoeLs as well as any other boulders and pebbles 'which axe rubbed 



Fio, tjj, A tlaclmml *inymi in the Hurk* \Uwimni- SwlftrurrEiii 

Valley, <5lncier Park* Monro na> 


cither against rile bedrock, or against endi other, by the movement ol 
the gJackr> often become faceted and >i l isted, 

Efficacy of GLflcial Ere5ion- Considering the present lij id p.isr can- 
Titian nr ilir earth, the total wvrk of tee etinioii 3 * compared to that of 
nriming water is slight, because glacial erosion i*, and ha* been* fninh 
more ronictml iff itv action bath m stmee and time. During thr last 
5u years various opinions have been c.ypre^d in regard to the efficacy of 
glacial erosion- Sortie geologists have ascribed greac erosive power 10 
glaciers* while others have considered them to be weak erosive agents 
The prennt cwuwraus 01 opinion 1= that, under reasonably favorable 
Conditions,. gladrt* accomplish a truly important work of mmorc. 

Conditions tor ice erosion are rurptioniilh favorable where a thick 
glacier, shod with numemus fragments of h^ird n>ck mows over rein- 
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lively sflit, nr highly jointed, rnr.k Itr-caunr thr grinding touU arc hard 
juid abundant; thr work to be done is easy: and the pressure of the ice 
cm t)it bedrock is great* 

A remarkable example of (hr power of it valley irlaricr to erode very 
hard ruck i» the famous Ywemitt Valle) of California. Hits valley is 
seven mile* tong, several Thousand fret deep, Mil broad-bottomed. I he 
rock ii wholly a hard granite, hot if i> unusually highly pinned. J«« 
before the Ice Age, the rite or the Yoscmue Valley was a \ shaped 
canyon about j(X*> feet deep. TltCJl :t hit* valley glacier moved through 
the canyon, filling it to over flowing. The great depth of ice, causing 
tfctncndoua pressure (and heme effective corrosion) on the bottom and 
lowe r wilts of tilt canyon, combined with the unusually hiylili jointed 



Fn , |J4. Diapt J rot -fuming J »r tram-cut valley ' A j «.» ft a51 pear* after glaria- 
tit 111 1 lit. (After C, S. Grot'igii-al Survey.) 


nature oJ the rock so greatly facilitated the work of erosion that the 
V-slupol eanvorv u-ns deepened hundreds of feet, and its sides were 
notably cut hack and greatly steepened. 

Characteristics of Glacial Valleys, A mountain valley through 
which :i thick glacier has tin wed rel.niM.-l', recently -limv* certain un¬ 
mistakable evidences ot the former presence ni the ice. Sot tie «i the 
principal characteristics 01 glaci.il valleys will now b. _ briefly d , -<ribed. 

| 1) A valley which lias been vigorously glaciated has a broad hot- 
rum, and eery -trrp M vertical Miles. In other words, it has a l -shajMrd 
cross-section »r profile instead of the dwravteriStJC V-shaped ci oss-scc - 
lion of a valley vigorously eroded by a stream. This is because a glacier 
not only erodes rlie bottom m irs valley, but abut lievnnse it very actively 
cuts back the shies of thr valley, especially toward their Inittono where 
(he lee pressure is greatest. Thus the valley is deepened, its sides are 
notable cut hack and much steepened, and its bottom Ss much broadened 
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{Fig, I 14)- Viiwmitc V»llr> (alrraih dwAbed . with its erem precipi¬ 
tous Walt* ami broad floor L* a tvolidefJul example* There are many 
other examples in thr Sierra Nevada, CmwCftdc, 11 id Kmkv MmitiTJsm 
i Fir. I 3 l). and in iUftSka- 

Many of the glacial valley# lor cumw) in the nratmtams just 
itiffttfenpii arc much straighter, iniil more ojicn For lum; distances, tlmii 
^triMm^rrhlrd vjillrys <nr i would Ik. This U hex j use n gliieirr 

fisj .1 much stronger tendency to tike 4 straighter course limn lists 4 
river- and so rhe lower aub of the fidgr> tapur*) which project ili^vn 
inm the volley alternate!) trail opposite sidr* r truncated b> gluctu] 
erosion l Fig, il4j- 

E j) We have already learned ibat stream-cut tributary valleys wry 
Typically join their imin-rtrcun valleys at #r/ali\ that h. at practfcaUy 
the same level* In a glad&I valley, luwrvtfv the tributary vitlkys slmitf 
typically ft diuvrdrtttct or position, rbnc fc, they join the main valley 
much above its bottom and are* therefore, called kanfiny t talln't* Thb 
ts because thr lower ends of the tributary valleys are cm bntk during 
rhr process of valley widening by the action of ihe glacier m rhe main 
valley. Even If glnders occupy the tribiitan valleys, Ehe* are usually 
too *Eiiali to cur dmvn thr Jr beds ns fast as die main glacier, Strains 
ill such Tributary banging valleys itmult} enter rlir imilwallry stmim 
b> natfrtnIU m ra>vad^. II mensg ■. .ilb-v-v with waterfall* are grandly 
exhibited in rhe Vc^ernire V r alley. Main other example* occur in the 
Sierra Nevada* Cils-caeIc* and Rocky Muiintnins, mu} m sttmthmi Al^k^ 
N0riv.1v, aEid the Alps. 

U> a Irss common feature o r" glacial 1 alleys e* tlmt t.ir^c glaciers 
entering tin sea im\ ■■mkJv liu-ir valley^ hundreds of Sett below- sea level, 
Tht* is because rht- moving kn fv able* ro dhptm:e ihr water until it* depth 
become* great that the ice i> buoyed up and broken oft. A number 
or brge Alaskan glaciers w hich enter arm* of thr sea are nmv at work 
deepening thdr valleys Hundreds nr f«r betnw tide level- Rivers cjii 
cut their channels but Very little below se.i level. 

In rhh connection mention should br made of ccrtnin deep-water* 
narrow am* of tIk ^ra with higji *rrvp will*, called fanli, Tin* are 
exhibited mi grand sealr* in Norway and murhvm Alaska where they 
arc often in m 7^ rnili^ long, piiil several thousand fcvf deep; mu! m a 
less grafkf scale ui Maine- All, nr neurl> all, of them have resulted 
from erosion o( river valleys hi daoens in! I owed hi notable ^bsictence 
ol" ilie liuicL Tlifi urr tifinalK tAH> deep to be jelC ounted foi by glacia .1 
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erosion alone. The maximum depth of water in Norwegian fiuttls is 
mnumui])' front tuort tu 4i"0 trrt. 

Cirques. 'Hie heads of glacial valley's are 'Try commonly character* 
tjffJ by big, vtrrp-udnl, ampliitfumn-likr basin* known as atqtut- As 
vrc luvr already in entwined, thr main body of *mm\ ue'r. ami ice of the 
sncw firM at the head nt a valley finder (ends to pull awav from the 
enow ami new of thr upper slopes, [raving * d«J» cw'asm «1W the 
bcTOP hrupd in which thr bedrock is more or less exposed t Kig- i.lO- 
During tile warm din's of summer, water tills the joint t racks ;md crew- 
ice in the rocks down in the brr jschnmd, und during the much colder 


Fin, Tjy. A typical duple about feet ,!rr P no ih* dde of teng 1 * !*■ alt. 

Colorado, 


nights This water iree-'es. forcing apart and loosening some of the joint 
blocks. Such rock fragments accumulate in thr bottom of the Ik rg- 
scliruoil uhcre ( in the bier colder season they jit enveloped in ice and 
in lu-ve formed from new snowfalls. The rock fragments at* thus 
imr.e n into the head #1 tin; glacier and carried along b> it. This quarry- 
ing or excavating operation, which is repeated season airer season, t* 
mart effective toward the bottom of the bergsehrund, mid 90 the rifles 
oi the vallev head are cut hack mid greatly steepened forming .1 cirque, 
t irqurs w tree from ice or nearly u. afr abundant in the Sierrn 
Nevada. Cascade, and Rocky Mountains 1 Fig- <.I 5 >- «• snothrm Alaska. 
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iiitH in rlie higher mountaim s»t Europe- They are commonly from on 
fourth nf a mile to a mile or more? wide, with sleep to p/*cipicoitt Will* 
from S"0 to JOO fret high. Occasionally cirques udeupy the pi&itttjm 
of hanging valleys, excellent exiimple* cxtum'itj: in Glacier Niittoit.il 
Flirt, Monrarnn Cirque caimmitr striking features wf the hiidwape 
so (hoc and other rtctntly glaciated mountain*. They often con to in 
smalt Lilies 

f wo cirque walls rosy he on kick toward each other from opposite 
■sides ot a nun 1 lit ail 1 mass until only a vi:rt r ahittp divide* blown a* a 
1 idge is left beiiycrn tile drtpics, A knifr-edge ridge suin' 
develop where gl.iaen in twn parallel % -ill* - !. > Pftntc and steepen 
the v’.tllci side* until only a very sharp divide separates the vaQrvs. If 
three or iwre heads of glaciers cur cirques into a mountain mass imm 
several sides nt once, a high, pyramid-shaped rock mass, commonly tailed 
a tfiiwfvrAfl™. may result Tlsr type example is the famous Matterhorn 
of the Alps. .Matterhorn* arc coitmuin in Glader Pork, Montana 
(Kg. 156), 

Gmcml Djtposrts 


The Drift. Wc have already Irutneil jhat glavirrs- transport large 
qijtfnfttio nf met debus either on their fiirrfaecs, or within them, r^ 
■bragged along .it their bottom* It is hetcrogmemis material rnn 



Fig. 1 if.. Mat cerium P?ak hi nlurirr Pait, Munsm, (Coinri^hi phnta by 
FL P MjfbEi, trlarifr Park, MniHQna.i 
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Frrtrn the fmr*t flat, through *rtnJ jkrtli] gravel, in Ix^uliim weighing 
mmi ton*. SfJinr u| the-!.' riiaErrhiL may he .LiHHitnj during chi 1 slow 
advance «f a glacier 1 but such materials irr again vtfy Largely eroded 
:iiUi carried alunp by tile :iJy:j riving ire. .% I o( the {|fjx)53l\ nut again 
disturbed by the ter, are laid down during the retreat a! a glacier, :nh J 
these :ire nf clue! inirrtst to a% because they iup rhr one* which are ** 
ivule-^pmui ai a direct mull <ri the recent great lee Age, MtWl 
of the Jc|yHt> left by the gheim <-s the Ice Age are remarkably intact 
except tnr relatively little jv*r 4 j!nri;il withering and erosion. 

S he general term Hppliri! to .ill deposits of gluGUil origin is drift* this 
name having been given when, before the discovery p! the fact of the 
Ice Age, such depots were rcpn-drij .i> having been carried I nr drifted ] 
over the cum 1 try by Iliads and ircberg^ Milch uf Canada and most ot 
tlir northern United Srate% u 5 tar «mtH as New York City, Pittsburgh. 
Sr. Louis, and Pierre, Smith Dakota, are covered b> drift Iran a tew 
inches to several hundred teer thick. It is not shown main!) where 
bedrock is exposed; where lake and rivrr waters are present; or where 
there are piost-GJocid. rivn and lake dcpo>ir&, The drift hears lirnnifr. 
takaMc evidences of it* glacial origin, Some of icr material hai been 
tmittpeirted hundred* of mites, u* proved by tracing email! type* nf 
rocks in rhr drift to thr'ir pivrmt Irdgrs. An important ctmracieritric 
of the drift is that ir rests *ipnn the bedrock by sharp contact, and 
usually contains at lra>t some material different from rhe bedrock, 
showing that it is trantpartul. .uli) not residual, material. 

There are in general two *.*i glacial deposits, namely, she 

u 11*1 ratified lYr-faitlf which are left h- the ice nnaidml by the 

action of w.itrr. and rhr stratified drpfrtitf which are carried 

ami deposited by waters irv or r merging trom, glaciers. These TWO 
clashes trill now he briefly described. 

Ice-laid Deposits. GrriuuJ itmnuutt, These consist oi herero- 
gcrirous, limner died rock debris deputised underneath a glacier, 

<UJ 1 > during its melting and retreat f Fsg. 137) 1 When it is meetly 
vin fine material with prhhtcs or bmddm scattered through its rriss^ it 
Is called tiff or htuldtr day* The j^foblfs and boulder? arc oitrn char¬ 
acteristically faceted and striated as a result of having been rubbed and 
ground ngjuitst the bed imk Ground morainic material is exceedingly 
widespread in the grrar glaciated region »t North Auirnca 

Trrmhmf Utmintt* Whr never ihc termini** «ii n glacier remain* in 
a relatively stationary podriun inr a considerable time much rock drhrif 
earned by the glacier accumulates around its end, tornuug a terminal 
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ntimthtt i l"'ig. I ,tS). Such n moraine, especially .is Ictt hy the great 
ice sluft!i of ihr !« Age, rs a more m less distinct range ol low hills, 
with depressions between the hills, consisting id very hpittpgrnfoui, 
General l\ unstr.i tilled debris. though at times w.itcrt emerging imtii r lie 
glacier may hate caused some lot nl strati Ikiitiiin. Valley glaciers of ten 
leave loop like terminal moral'll i> ridges valleys nr .it tlu-ir months. 

A great terminal moraine i-* more or less el early traceable across the 
LTnimj Static where it marks the sou them most limit ul the vast glaciers 
of the toe Age. On Long Island it is wonderfully well shown by the 



Fto> f 37 * An cijvaiirt of a gniund-rnoraliie ihrrf Jefi by the ptji fttacier of the 

Ict Agr. HfltrU eaiiln **rt of \<irih Hay, I liiiani), < *1 mi fin 


ridge or irregular hills extending the whole Jetlgdl of the Island. Tilts 
morainic ridge dominates the topography of the Island, 

It. nicer a gdnder ha# retreated a considerable dJromre, its terminus 
agam remains relatively stationary for «nne time, another terminal de- 
[insit will amunnlfltr around it. Such .1 deposit {mrttkma/ munuiu) 
develops during every' consider aldr pause in the reunion of .1 glacier, 
Rwenionnl muraim-s, fannuig a great succession or curving ridges, arc 
WondcrfiiHy displayed to the south «i Lakes Michigan and Erie, These 
1 nark successive pauses ot the waning Labradorean icc -,hm of rile Ice 
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Lnttrni MtYminrtt \%"hrn a glacier incite .1 fotfrrtt run mint fnrmnl 
alongside flic living glacier, iua> b# left m the form of ;i more 01 !»■» 
consptfisnns ridge. 

Dntmlini. These are tinstrmtiticd gfadal deposits of unusual interest. 
They represent, m reality, only a special form of ground imraimc rna- 


t 



Ful ijS. A ^rueiufr -f.tjHJiL -twwiiig ■rv^rsl lelnd* *»r ijl.iri.il drpatii* mfEinj 
up:if 1 tatkocfc Gnnimi tii irtimud iHurahic, T; and viihvj»ii 

plain, I*. 


irria! (Fig. 135')- They ait typically low, rounded ntututd* or hill* 
ot till with elliptical bases; long axes parallel fn the direction of the 
glacier moverncnr; and steepesr slnjus lacing rhe direction from which 
the ice I toned. They Are commonly from yo to 200 feet high, and ont- 



Fig. 1]%' Tvpical dnuttlitu (mte vkw) \n western York. EFiiufo by H. L 

Fairchilds 


fourth to one'halt of a mile Jmtg. One of the grandest displays of 
drundiria in the world is m the geiirmj rcpmi between Syracuse am) 
Rochester, New York, where thou^uicU of tlicm rise conipiCoDUsI^ ah^r 
the level of the Ontario Plain < Fig. 139). Druinlim are ithiudam hi 
eaitrm Wjto&mmu and in a part of Ireland, Some also occur in the 
Connecticut Valley or M fetich u^ert*, and around Boston* 
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The mode of origin «f drum I ins ha* not been precis-el) detcmimrd 
tint ir b known ilust they form near the margin^ «f broad lube* of ulmhl 
ice probably either kf erosion and TPtimiin^nfi ui fill, nr hj utcunm* 
latioti of fill benepth the kc under peculiarly favorable conditions* as 
perhaps in longkud£n*l creviL**ts_ 

Erratifu Thter are glacial boulders [eft strewn irirgitj&rJv over the 
Country during the inciiin^ uf tlo ive, liny % an in si^e irum pebbles 

to inawi a* hiur si-* small 
houses. Most ut them cortbr 
m hard rock because the 
suiter material are generally 
ground up SiHiii be the action 
nl the gIacier T Some erratic* 
tiavr tarn mossed hut short 
distances from rhdr parent 
ledges; many have been 
transported at least a few 
miles; while some have been 
carried hundreds of miles, 
Ihm hoiildet> nf Adi mil' 
H.irt ^ loimtain rocks oerm 
in southern New York, and 
certain erratics in southern 
Minnesota anflr from ledge* 
well up in Canada. Erratics 
are extremely abundant in 
New England and New 

Fwl 14a A id£ glacial boulder remarkably \ork where much land had 
pteebed upon amnherlimjliJer. EajtofBluc ta he cleared of them before 
Kiifg* P New York, ir MuU be -.glttvarcih They 

occur rvrn high up nn the 
memntaim. TFic author bn* observed erratic* ni sajuUTcmr, derived from 
Edge* in fhr Sf. I .iwmiirr Valley a few hundred her above **» level, on 
the tops ut nu»irut 4 iits 4**^ trer high, Erratics weighing from s to 
20 tons have sometimes been left in such remarknhh taL-inccd podriujis 
on bedrock that they can be made to swing back Lind forth slightly ta 
pressure uf the fund. Such boulders are sometimes called "rocking 
none*/' The author recently observed a large erratic standing on tJgr 
at the very Summit of u prak afV^i rert akivr set level in northern New 
York- Sfdl another ctee observed hy the author w« a rounded erratic 
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about u feet in diameter remarkably balanced on nip of another rounded 
erratic of about the iaftu* $\s.r [ Fig. l p 0 , 

Fluvio^glackl Depths. t'rtfhj trains. Waters emerging from 
the ice arc usually heavily loaded with rock debris, When such waters 
llow dawn a valley which slopes getifly downward away from the end of 
ji gladetp the tendency in tn deposit sorne nr moat of ihr loud mi the 
valley door, often for mile* beyond the ice from. forming a vrdtey train 
fFig. 1 4r ). Deposits of this hind, somewhat cut away by post-Glacial 
em&mn, arc finely exhibited in most of the gently southward sloping 

•- - 





Fkl 141. A bj-nmt vrtTlev trmn ht\n£* fanned hy a hrtided srream merging fr*m 
a gj icier. Hadili n <rLiri, j, \l49d1*, > All CmII^M, 1 . S. GmKrkgietl] SurvrjM 


valleys of south western New York. Valley trains are of course 
rtratifie<L 

Outwtiih Plains. When the ham of a great glacier pannes tor s 
Ctinsid enable rime njniit -i rather Hal surface* ihc debris-laden wafers 
emerging trotn the ice ipreiui u\ a network of stream* and deport the 
debn* more ur less uniformly over the surface, funning an oanivjj/i 
(sometimes called a /renftf/ fj/>rf//i J (Fig* ] 38 L A eery fine 
ill list rati on is must of the -ouflirru half of Ding Islam) lying Just south 
of ilir gieal terminal moraine, Outwash plains ire at course stratified 
They are seldom formed by ordinary valley glade re* 
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Impressions from to ta im fret deep, with nn nutlets ajiJ with 
itL-cjiJ side*, an- often formal in onrw-L*h plains, Tli^r ^- l -;i]^iS 
Ag/^i rnuilt from melting or block.* ot in? which heroine *qurafrd from 
thr trbdcf during it* tetrear and buried under the ounva^h material 
Kettle holes run} also dcvrlgp m gl acini bike deposits where icebergs 
become stranded, buried under sediment, and suifcwrquentk melted. 
Some of the depressions in terminal and rttcssmnjil moraine*, .mil also 
in gtuup* of katucs, rirc kmk hides, 

Ah/un. These* are hill* of At ratified ^Kiuial dekri* with rounded out 
linr-i ■ oomxmJy tmm tn r i<> feet high. They mwy exist as r^tared 
hills oi in small groups \ Fig, ur they may he iirtocintcil with 



Fm, i-p- Kjutu hILK five milei ivr*r of Gtav P mJ1lr r N>h YniL 


■ msr ratified deposits of moraines. When thej aje grouped, deep dtprns- 
simts occur between thr hi lb. giving nV h* what as called M knnh and 
Lrtt 3 e iF topography, They nevur must generally in valley bottom*, hot 
sornetimr? on hitUidi^. of evrro on hilltop*, They an- rafhet common 
and widely distributed over the grot glaciated region 01 rlir northern 
Lusted States, particular^ in association with terminal and recessional 
moraines. Sometimes they form arxtlled ^^ kslnl^mor^tlne ,l ridsrrs, 
K;mw* form it the margin# of gldctrrn by drhi kdadrn -.tTrarm which 
Vir.ip up the material ( uninlly sand and Lrrnvel > 4* thej emerge from 
thr ice, Snnutimr?, tile dt^ri^hji riled watcr great funutahisk 

Karnes arc now actually rn pn>ces* of construction aluugsnln some or the 
threat AlnsLun gliders 
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EiAcTS* Tlwsc are long. usually finding, low ridges nr stratified 
glacial maremL cons>Vritig majtih of taiul :mii gravel. Thr\ are seldom 
over 75 tti l>cr high, and their aesLs are generally euirrme and 
rather even {Fig, t 4 i)* They arc tiiually lc*s tlun a mile lung, but 



Fio. 143* Fitt of an cakcr, living Uz winding emirs. \rnth Crt*i. New Yock 


in ScandiTrrtvia and dmiherr imlmdual rskeT* have hten traced many 
They nt T en Took like amficial mlm? mlwtnhiwiili, They vvm 
formed by dep^ition in nrasms, choked (or overloaded ! with glacis! 
debris, either in channels on £lagLers h or in tunnels beneath the ice* 




CHAPTER IX 


GEOLOGICAL ACTION OF WIND 

luPOftTANCE or W'i'ffi Work 

\\ inti is nn important geological nccnE ol srosiuti anil traiisportaTJtin 
ot roc It mil ter i til. but » not hr effective si tiitiiunp water. Ji k in etol 
Aitd Semi-arid regions that the u-!m| k mi»f rfiecthr m a geological 
agent. Hir important* of wind work becomes impressive when we 
irulitfr that desert conditions prevail over about niir-firtti 01 all tlir Tunis 
nf tier earth. In deserts wenthrrtng effects requiring moisture in the air 
□rc reduerd to a minimum; sriram action is in General much It-"; tmjmr- 
rant us a factor of erosion and deposition than in humid teginm; ami Frost 
action, due to lack of water, is relatively ununpomttf. TTie temperature 
cliange* in drwrf* arc. however, exceptionally great and rapid, as be¬ 
tween night and day, find si? rhr rocks, which are nearly everywhere 
directly exposed because free front vegetation, are broken up relatively 
fust os a result »f repeated ami rapid expansion and emit r set inn. 

\V imis not only erode, rims purr, atnl deprviit rock maieriaJy, hut they 
also stir tip waves and shore currettr* which in turn become effective 
ami important geologic agents, ,i» dfeeuwed in Chapter X. 


TRAxsrfl^TATtoN' ay Wind 

If bag an agent of Transportation thill wind accomplishes its greatest 
work, Corrosion bj wind action cannot proceed without trampnrtttiori 
o# loosened ms ter bis, hut tremendous quantities. of «*k material* nl- 
reud>' 1 twinicd and undivided h> procesm other than corrasion by the 
wind, are trim spurred by the latter. 

WIi.it .nr itiTiw nr the sources of rht' finch divided rock material 
wfiich r*. Transported by winds' Most of the material by Fur it picked 
yip from dry surfaces nf fooM, fine mate rials of ail kind* in all sort* 
of regions. but especially. in Jrsrrfs where such rnnterialt are blown 

abmir by every wind. Suit .. it is directly drmtd from rock ledges 

by the erosive action -if the wind itidf, a> explained beyond. Consid¬ 
erable yjuantitir* of dim are contributed to the atmosphere by explosive 

t So 
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eruption* hy volcanoc* wJietebi lava 15. pulverized and shot far info ihe 
air i Fig. 174)* During flir explosions of Krakanui. Em Indies, a 
tremendous quantity of ItiicIi diudcd and pul verged rock was forad 
miles >Jlto the dir. xttiil some oi if wjs carried cumfildrlv around the 
earth md mtinlflrd suspended tar many day*, causing r Eat: famous red 
^uiurtis of 1883► Several cubic miles cif vulcanic dust were forced aut 
of Ivitmai VVilcinn, Alaska, In v r t j when the mountain atplodrd. This 
dust caused darkness tur Ttuury miles around for more rban twn days; 
and at a distance of iGG miles it accumulated to a depth of 10 inches. 
The almost inconceivable transporting power of strong wind* over 
deserts is ill list rail'd h\ tin* writ-known Manikin nro IT ul ihv Sahara 
Desert. In such a great storm itianv cubic mile* cat dun and utfd-Luten 
lirtureep miles JLCros? rhr country. It has hern estimated rhnr one cubic 
mile of air in such a storm carries at leavr Kn^ooo toii> of rock material. 
Dust from rbe Sahara ri known to hr carried hundreds of 111 ties out nito 
the Atlantic Ocean* According to an estimate. .1 gn-at storm in inot 
carried rimrly ions uj find) divided rock material from 

northern Africa rum Europe, Jo two dais ttonic of the dust fell in Italy 
and in three Jai* none of it reached central Germany. 


Wind Erosion 

Wirul picks up and carries along great quaufatrei of dry, Iwif, 
finely divided material, bur nr irwlf it hits, tirile or no power m erode 
solid rocks, Wim), like water, effectively erodes rocks when properly 
Supplied with roots, that ts. when it has rode fragments with which to 
work, When fine material, especialli grains of sand, are driven by 
Wind tv 1 rii high velocity ipimt barren rocks. flir hitter are worn fcni- 
fraded) and often pub-died by rhe pnx'e^. The principle involved h 
thai nf the sand blast used in cleaning md polishing dec-omtiVe and 
building >trnii*N arid in etching glues?. Where rock ledges show many 
Ideal variations in composition :nul hardness, they air often etched by 
iv]3id crrtauiL mtu very irregular, and often tonus. 

A surprising Amount of erosion rnav be accomplished by tilt! wind, 
under v*iy favoribk vnnrlimm*, in ,s diort time. A plate glass window 
if 1 a Cape CirI Eight ktiufie is said t?i have been worn to opaqueness 
during a single hard wind simm- Window glass directly exposed to 
hard winds on Cape Cod is known m have hern completely worn 
chrough within 3 lew w«fa or months. 
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Winded riven aiufcl Im \u ere* test ertiaive power relatively close 
to the ground because the Javier nnd larger fragrrinm. not being 
lifted m) high, there .taxuiiplufi the greatest work. Telegraph pules 



PK, 14. A inking amptf of rnrk funrns wr*urf(! 3Eid v Ljlptnrd hv wind 
I'jjTru'inrL,, At iim-, - [cmmc Mud i- pSt'k* U uji ftwiu ;lkr lujltvm .mil drKifli Jl 
hinTi vetneiry liinn.^h 1 lii- [roughliLir 4 eprewTi*n. R-i^eo Dry Lake, Majiave 
Dmrtp California. Plw|rp hy L. Bllqlkwrldtr.) 

ill Jesert refpnm often mint he especially protected else they will hr 
Cut down by sand driven against their bases* Pebbles nnd boulders on 
deserts sometimes have more or Im angular faces carved upon them 
hi wind erosion, nnd rock pi at tortus arc iittcn kept worn smooth arid 
hard. 

Wikij anii SntEvM Enas ION COMl^ltFli 

Careful tibwrrarions during The last ten n> twenty ycat* have led 
to the conclusion flint the corrasivc action oi wind ts much less generally 
effective in SailpruritiE and Cutting away rocks than formerly surmised* 
There U r however, no i 3 nii%t about rhe Inca I efficacy m wind curriium 
when condllicuu ate eery favorable (Fig. 144). 

Stream erosion mil in dcti-rt rcgsntK aoznmplishes much more work 
than wind erosion bee mew when it rain* it U often in the form of so* 
called “dnodbursts/' In desert arras of high relief, therefore, torrents 
uf water rush down the stream ooursra carrying heavy loads of met 
debti> derived frniTk the abundant weathered rtsek material ulmosr un¬ 
protected by te^etatJutk The deep sculpturing of the desert uninutaim 
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(if Nevada A risen na, wN^rtt Utah, arid eastern California is very largely 
dm t-> u r jrei, and not wmi eraian* 

Tile author ha? observed rhiius.iml? nf wrtl exposed outcrops in rhe 
vast western ikwri showing plain evidence nf mechanacral and chemical 
weathering, hut wnh little or m evidence of wind gorrssom 

The greatest geologic work accomplished by the wind seems to be the 
picking up and transporting oi nralh Jarge (juantitirfiner tDnieriah 
wliiidi cifhri wrre laid Iiswn through thr agency oi running water or 
were pmduced by weathering. Such action of I hr wind ls allied f/e- 
flatton* 

Wi % c> Dteusmtiv 

Dunes. Hi!b of miid-hlowii samE are Called r/wr/r*. They are 
formed In much the same manner as snowdrifts. They art: abundant 
in many as for example along she middle Atlantic Coast of 

the United Siat-s*; around the southern end oi Luke Michigan in Dune 



Fdcl 1+5. A trevenuk *and duiie In Wyoming 1 Photo by £. £. Smith. tL S* 

Omtagical Surrey) 


Park, Indiana: and in fire desert portion® oi the western l_ nired States. 
Dunes nm$tl\ form in deserts ; on and near sandy shores of lakes Of 
oceam when- die wind blows toward the land: and on and near river 
13 lkhE plain*, npcddlh in arid return where the volume of water varies 
greatly, Dunes stdduni attain height* grtttfrr than a few hundred feet, 
though some m the Sahara Desert arc *#iid to he more than it*o feet 
high, 

A dune may begin 10 build up where there is a slight irregularity 
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in turf act, or mm& obilick such as a boulder, causing a local chnl m 
The velocity irt die wind with rmilfant deposition &f mtue ni the load 
ir l%i rrFt^. * Hue the pile Ji:l^ started, iU gtfqwth i* aeceliTqicd by it* 
own shape he id si 7,v r Where The direction of the wind r i f fairly 
constant, the tmdenn. is ior a grElite slope to develop an the wind¬ 
ward side, and -i steep dope on rhe lee side. Sand blown tip to the 
crot at I hr windward side is caught in a icbtivrj eaLn with a back- 
eddy on the lee nide of the hill, am! there deposited* The lee si-je it 
steeper beta use the sand roll* down itn slope (Fig. t+5J- Smaller 



Fir— 141 1 ?. A cm up 51 £ lipplr-markc.! >;md dime* in thr Impmnl VnNfv, CidjforTiia. 


dnin-s arc often some what errvernt-shaped, rjucird by the wind driving 
sand bnth over heiJ around tin dime I Fi^- (45)- When the winds tire 
rather variable in direction the sand dimes 4 re more irregular in shape. 

Dunc sand is usually crudeSy stratified, with prominent cress- 
bcddtrlg, due to the varying velocity of til t wind which causes altcrnairlv 
larger and smaller *and particle 10 be driven up the ±kp<-a and deposited 
in layers. Sand dunes are often beautifully ripple-marked on their sur¬ 
faces by more or less parallel ridge* an inch or more high (Fig. 146). 

Migration of Dunes. Unless prevented hv vcgrtMinn, dunes 
usually migrate in the direction of the prevailing wind. The migration 
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h c-iustut by fliti libbing rtf thr sand up thr ufmlward slope, and us 
drpaaftion on the steeper leeward f!o|>c* On a. dry, windy day the sand 
can be wen blowing over the Crat uf a dune* The rate of migration 
la of course ikrrrmjitnl h\ several factors Most dunes migrate ai 
rates of Jruin u Jew feet to more than ino feer prr year* A case of 
imiuusJly rapid nummrnt that at Kunren on the Baltic Cost 
whflrc a large dune emrtiathed upon, burinl, and then uncovered a 
church. migranng about right miles between the years ith*y and 1J69. 
A pine forest, covering hundreds of acres on the cojm of Prussia, was 
destroyed by mi^ranon of dunes- between 1804 -ind 1847, In many 
places portiom ot farms bur been mined h\ migration of dunes within 
the lifetime of single snvitrrs* Forest trees have, ni many places, been 
buried. billed, mu 3 the if uncovered by drifting sand- -Such phenomena 
arc well exhibited in Pone Park, Indiana. 

Removal and Deposit ion over General Areas. Wind-blown ma¬ 
terial dues nut. by any means, nhi+ayu accumulate in ihc furm of dunes 
and mlgcs. Wind Action often tend* tu [eve! oft large Area* by re¬ 
moving hmst material* 
iwm higher lands and dr- 
positmg them in interven¬ 
ing depression*, or piling 
them against bases of 
mountains This is reuc 
on a gjfliuJ scale in por¬ 
tions ot thr Sahara Drsrrt 
where certain wide areas 
of bedrock arc kept tree 
from sautl by wind ert>- 
$ion, .jr 11 1 [he sand is piled 
against the mountain 
bus, am I e ven up the 
slope* in height* of ti>M rn 2iy?i feet. In thr Great Basin region of 
the western V uited Stales somewhat similar phenomena arc nor un¬ 
common. 

The min* of thr oner great citirs of Nineveh and Babylon are largely 
buried under tt'imFhlntvti kind and dust* Evidence has been presented 
10 slnnv that rhu dhuate id uwnn and mitral Asia 1* mnv considerably 
ilrirr than >t ivjb a tew thousand years ago. This helps u* to ufnJtr- 
*tarisl why so main o]if villages nnd cities there have been buried under 
wind-blown dcponis. 
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Loess. A kind of itpo&t of spcrhl interest, which is mainly or 
partly or wind-blown origin, is culled fart j* It is imuilly a finegrained 
iiiurrstihcd. yellow to blown loitm or silt which, though very slightly 
conMiliiiiiTcil, his rhe irmarkablr property of ending in the form of 
high, very strep shipr* or difEs whcic it bus been cur iriro b\ erosion 
(Fig. T4S), It sometime# contains shells of Lind animals- It forms 
extensive deposits, commonly from ifi in several hundred feer thick* 
in various regions. 

Certain valleys of northern Europe, especially the RJiiur contain 
loess deposit*. Extensive deposits occur in Argentina* Thousands of 



Fun. 14S, A roadway through a depose ci€ tons In China. New ihu verrieat 
*t«imirr, (PW* ly Bailey Wiltk) 


square mile* in lawn, Nebraska and Kansas f jwttcvdiiriv in the Mis¬ 
souri and ^ (i^issifipt Valleys! ww dive ml warh li^css which is seldom 
mure than uxi fern ilucL, This is believed to represent the fine- 
material blown hv the wind from ibe adjacent regions jusi alter flic 
withdraw^] of one oJ the d^ciers of the he Age- Th t Iikmc 

gluciill ■soils were then protected by link or no vegetation. .Main thou¬ 
sand* of Stju31 r mi!rt of northern China are covered with loess, much 
of which may have been blown from The Mongohan desert It covers 
bosh mountaroriibs and valleys to depths probably ns great as iood feet. 
Some oi ttits loess hits probably been reworked and deposited b> water* 
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THE SEA AND ITS WORK 

DswisttU jss 

Accormvg to good general u^a^e the terms j ta and if cam arc prac¬ 
tical!} iuiLjnvmmix -ml rder c» the whale ttHttutuDu* body nt salt water, 
including fts luimrrouft rmbaymmtt, which covers a large part ol the 
earth 1 * *urta«* The term rr-/ h prrfrrrrd in this book. Such names as 
the "Sea uf Galilee" or the 11 Dead Sea" arc misnomers because, brine 
inland bodies oi water [one salt and the other fresh) nor coronOtd 
with the great general body of salt water* they arc really lakes, 

Ctrrafn scientific distinctions of use to oceaiLORrapherb, geographers, 
and geolugisrs. may he made as fellows. The Uffdm are very large bodies 
of dee^rs water occupying bauiu between continents- Tims we have 1 
the Atlantic* Pacific, Indian, Arctic, and Antarctic Oceans whose aver- 
age depth is about two and a half miles. 

Efiajniinrattd seas. seldom over 60O feet deep, occupy the narrmv 
platforms (jcoutiiieiital shelves] which border the lands nearly every¬ 
where* They ^tre* in other woftfc-, shallow-water, landward extrniliitK 
uf the open ocean. Tin y are also known as thr If or rtmrpiwif inu w A 
fine example is the sea covering thr eoriifeental ibrlf off the eastern 
United States- Other examples, less open to the me*!*, are the North 
Sea. tile Yellow Sea, and The Gulf of St. Lawrence. 

Ejnnt $tm art- also shallow lseldom o\ er tioo feet), but they lie 
well within continental rrplon* ami tlirir eomieetirm with the ocean b 
lev* open, Probable the finest example is Hudson Bay. The Baltic 
Sea, extending ikirtliward Into the Gulf of ilothoia. another grwwl 
example. During the geologic particularly the Paleozoic rra, it 

was epcirit yeas which repeatedly spread over, mA withdrew from, 
large and small parts uf Continents. Mast uf the exposed man nr strata 
of North America and Europe were dr posited in rpeiric seas. 

A fttedhrmtnmn is a special type of s^a much like an epemc ^ea. 
hnt it hay depth* of thousands uf urt. The Mediterranean Sea Si th 
finest example, and tile Caribbean Sea ma\ be classed in this categim 
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GKiM.WtW\l. folWHtTANU ul THE StA 

*Fhr deep seas, such a> the Atlantic =irnl Kicific Derail arc gen- 
[ogiatUy very ujd P and thr) have prohibit remained in essrntialk the 
same praLtiMis (nr lunidird-s of ml I lions of years. Shallow seas have, 
however, avalrcad* iiwntionedv spread over, mid disappeared front, lu*ge 
and *inall |iiirr% of cr ml in? nr* ritnc Slid again during the geotefit cons. 
It U plain, a* slimvii h\ the character and origin ot the man nr >rrat ;i 
no iv rjfpo&nl on the lands, that no deep >f* (tnjt ncenri } ever spread 
Over any considerable part of a submerged continent. 

The sea is now, and hoi been through known geologic time* the 
greatest theater oj sc dini vitiation. ShoUtm-water nuLriur strata of prac¬ 
tically J! known ngr- arr -cry extern] if I y *x potted within the canti- 
nciir^^ SiiuU strata Limv-e hem pi fed up to -;i rotal fhicknr?* uttfii reaching 
S to 15 miles. In many cases they have been greatly disturbed (folded 
and faulted] our or their original pnsinnn and deeply eroded, thus 
exposing to view tlir iccords which tliev contain. Mad it nor been tor 
l Ilf accumulation ol these marine strata, (as less would be known about 
many or thf gii-at .:ud small plivsif.il cluing through which the raith 
ha* passed. 

Alarm? strata also contain muiwh-'S myriads or rrmains and impres¬ 
sions ol animals and plants ti.e. Eossils], and thus wr have a very 
important key to a knowledge oi the kinds, disfrihuriun. nild hr store and 
evolution of life on the earth through hundred* of million* ui year*. 

The sea has* through the hmg ai*rs F hem friers tidy at work trotting 
into -mil modifying man) pari?, of rhe bardering buds- 

The climatic infttiencr of the ^ea has al$n been ol real importance- 
Thus thr moist un- 111 the air, ram which forms streams* and snow which 
sorms glaciers, have their sources ver* largely ttt the ocean, and these 
agents in turn accomplish grrut work of wfuthi-nn^ and erosion, 

Extevt Ais-ti Dlptii of the Sea 

It is well fcinnvn that The waters of the sea cover nearly three-fourrhs 
of the surface oi the earth, The sea is about 4s tmics as large as the 
17 ruled States, that h m \l covers approximate It 1 ^0,0 hi/ too square mild- 
The average deptli of the oceans of the earth h ahrput two and 11 half 
miles, li the wa wci* present universally, rvri vwlirjv with the mine 
depth, it would he atmmr two ini Its detji. Yet this vast bndjk of water 
k an extremely thin layer when compared to the earths diunetcr of 
nearly Jfrroo nsilc^ 
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The Pacific ts thr deejtc&i <31 thr oceans, its avenge depth bring 
about two and thrraMpjartcrs miles, Thr deepest sounding ever made 
wa» 35,410 feei h «r more than six miles* off the southern Philippine 
Mai life* It is known as the Mintfitntib tttep. live second greatest depth 
known b 34,0:2 j kxt, Id the Tufcarora dftp. off southern Japan. There 
are many placed In the Pacific Ocean where the wafer U four to five 
mile* dttp + The deepest sounding orr made in the Atlantic Qer-m was 
near!) ajUpOUij fcr* p *$ Puerto Rico. 

TopottiJU^KV of thh Sea Floor 

lr we make 11 general Comparison with the surface of rhe land, the 
bottom of the sea, wdi out I ream the land, h generally the smoother, 
Little of the sea bottom compares with thir rugged id the riHutnttbfc^ 
and even the more level portions ill thr laud inrlace nearly always 
show many sharp, minor irregularities. such as stream trenches; but the 
*<?a bottom U characterised more by its mad timers uf surface. Under 
flu- sea there are, however, mountaindikr ridges, plateaus, submarmr 
volcanoes, and vaJl.fitbe deeper valley* bring known a^ Jftp*. hut 
snrh features, nm miles or more tnim thn- shore, seldom show roughness 
01 retie! such as characterizes similar features on land. 

One of the most remark a hie relief features oi the ocean bottom ti 
the <o~calfiiiI tmiiutntel M-htlf. Il is a relatively narrow pisiform cov¬ 
ered by fhallow water bordering nearly all thr imparfttiif lamU nf the 
earth. Usually the water increase^ in depth Seaward «rt rf thi^ platform, 
hnt i( seldom orceeife a depth of more than t*M fee?. The con- 
minimi shrives of the world cover about io.oixkooo square milflSi nr 
about omMourtcenth of the area of the sea lluorv "The break in the 
slope at the outer margin "l tlir continental she!* 1 * is imm.l .j! depth* 
of uppnniuutfly 41 ^ feet off tUrraf of the coaAts of thr world. It seem* 
probable that this uniformity was developed hv the t utting nf the ivjv«s 
at a fiffir when thr sea level was much In wet than at the present time 
Sixth a lowering did occur at the time when thr sea water was extracted 
from thr ocean and piled up nr» parts of the lane] to form tile great 
continental gfadm of ihc past" ( Shepard]. 

On the way frntri New York to Europe, a >bip sails over file con¬ 
tinental shelf for about ini rnilrs p the Wafer gradually im reading in 
depth to about tret. Then there in * comparatlveh steep descent 
(calIni the ('intinrnffti ftvp?) into the great urmn frAyrr which is two 
to three miles deep. The floor oi this aby^, stretching across the 
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Atlantic ulinwt to the shore* of Europe, it gciwratlj lacking J| i shar P 
topographic changes, A little more than half wav across, the ocean 
bottom rises as a kind of submarine plateau or riil&r a few hundred 
m i)es wide, with water not more than one to two miles deep over it. 
'Phi* submarine ridge rims roughly north and south with u winding 
course through nearly the whole Atlantic Ocean. Within a few hun¬ 
dred mites nf Europe the yea bottom begins to rise on a continental 
slope to a continental shelf which, with its shallow water, extends to 
the shore. 

Mjuuki Eftoanu* 

How "Waves Erode. When a wave dashes a gainst .1 rocky shore 
or cliff, water is forced into many cracks and other opening, causing 
a hydraulic pressure which tends t« disrupt block- ruck in ihe face of 
the cliff. Also many fissures and crevice*, are suddenly filled with com¬ 
pressed air which, an retreat of the wave, has its pressure relieved 
vjuickly, thus prod tiring a so-called ‘'suction’ 1 which often dislodges 


U»d 



frc. 145. DSngnunmtfit itrurture M«iun ilhitfraiina she development «r the xj 
([iff. iviif-CUl It irate, and ivm-buill terraef. 


masses of rock. The very impart of the wave against a diore may he 
sufficient to force off rock material front d diff. not only oi soft or 
loose rock, hut ntsa ol hard rock if there are in.tscs of it already 
sufficiently loosened In jointing <»r weathering. A minor factor it* the 
removal erf rock material by waves is the solvent action nt sea water. 

Waves are itlMt effective 3 ® agents of erosion through their grinding 
action. Waves, like running water, wind, mid glaciers, erode mast 
effectively when properly applied with tuck fragments as tool* with 
which to work. When strong wave}, armed with rock fragments al¬ 
ready dislodged from the shore, repeatedly strike a rocky shore or diff, 
they become powerful agents of shore destruction. Even the hardest 
mck> must virld in *uch abrasive (or corrosive) action. Such battering 
nf the rock fragmeiu* of till sizes, and their rubbing against one another 
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when carried by the umlrrtuw. *xm WU» the fragments to become 
rounded ( Fig, TSr>». The older fnigmeflto Are worn down fnm> pebbles 
mid boulders to tine sand uml mud while new fragment* are being 
derived from the shore. In high latitude-, when shore ice, containing 
■natty mdc ItiipiniB, htfib up iirul ia driven against |b( -bore by 
wind and norm wive*, it becomes an important factor ot erosion. 

Sea Cliff and Wave-cut Terrace, Where warns art at wort 
Cubing into a shore of at least moderately high land, a steep front 
facing the Sea soon develops. This is called tile it a tfifj. At *' r!,t 



California, 


the waves mav attack the whole face of the cliff, but after a time the 
diff becomes so high that the w*iat cut only its lower portion. By 
this undercutting process, aided hi weathering, tlw tnattrml Iron, the 
(ijgher portion ot the cliff bre.rLs away and fell* “> the baa to wash 
mote tool* with which the waves way barter the dlfi. It is by the 
pmcett just outlined that theses cuts its way Waomdly into the land. 

M rhe sea cliff rermats. a shall uiv-watcr shelf, called the twpntf 
fcrmtt \ fig. I4«j) develops, over whirl, the water imattuea in depth 
«<! to tnr Limit of wave action, that is. to 3 depth of hundreds o ( 
feet. Such a terrace will not. as a rule he cut many miles Wide because 
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the waves, in moving over the aha I low-water shelf, low tW pnivcr 
gr4J«all» un uccotnit of friction on the bottom. With a slow sinking 
of the onast, * much wider wave-cot terrace mij i>1 course be produced 
by wa\x ernsiafe 

Much route rid cut afffly and ground up by ihc W*v& is carried 
scAWMti usually to Ituild up the ttrmir (Fig* 1 4°)« which 

i* smnefcluitg like a submarine delta. Some o i it b tarried by iter* 
CLurriiK tt> form spits p bans, etc., as explained h y^nL Obsrrvjtfioiw 
during die la*i dwuJt have kd to die comilu&iuii that large, wdMefined 



Fic* 15 is Sea waves eroding a rocky ceaat* Santa Crui, Cilifomla, 


wave-built teeiftix* are by no menus as common as wo* oner supposed* 
Thb matter h dbcueed more folly beyond under the caprion ts Marine 
Deposits.* 1 

Kate of Retreat of Sea Cliffs. The rate of retreat of sea cliffs is 
known os many places. The rate b hjJ course dependent u|kui various 
factors, particularly the force and p^btent* of wave action* and dn" 
nature of the rocks attacked, A cliff 0 i loose material b often cut hack 
so rapidly as to be a matter of common knowledge- A remarkable cv 
ample is the bland of Heligoland on which umil recently, Ww located 
the powerful German fort, guar ding the Kiel Catrn!. To the year 
Sno a,ij. P this bland had 120 mi In of shore line; in I3™ * l 4 ^ 
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pula af shore-; in 1 G 4 Q only eight miles; and in 1 9 ' 1 ' 1 r,T1 b three ™1 rt - 
In southeastern England "whole larms and villiH® have bern 
away in the lirt few centuries. the sea cliffs retreating from 7 to 15 i«t 
a year.” A church located a mile ifutii the sea-shore near the mouth of 
the Thames in the tOfli century now stands on a dt(E overlooking the 
sen- 

Alt island of soft-rock material m Chtrsapenkr Hay covered over + t ' n 
acre* in 1S48, anil the wave) reduced it to about JO acre? hi 1 910 - 
Certain cliffs of suit material on the island Ot Martha's Vineyard 


Fig. 15J. Rrnuiutii) af wave erosion (awaited "stacks'). La Julia. Cali forma. 


retreated five and tuw-half feet pet t ear between iM find t#86. Wave 
erosion on very hard rock like granite, is far less rapid. 

Sen Caves, Coves, Stacks, and Arches. Mam irregularities arc 
often developed during the retreat of tilt 1 si’ii cliff and the cutting nt tin. 
iravc-eut terrace- Sea «iwt are often produced along the hart of cliffs 
by wave action, especially where masse of weaker rocks He at or near 
stiii Icvd. 

lr. nloitg A Ctwtfit* maM*S m ru&re rasih' cioilnt rock* nrc srparatec 
hy harder or more difficultly eroded rocks, the waves will cut the tonne 
tack fasrer to form r«i rti nt, while the latter project into the sea to form 
hrtidlftmh* 
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If part of the mof of a sea rave txilhpsr^ or at two raves on 
opposite tides of a sharp hemllniul unitet a m? flrri result (Fi|£. 153)* 
Hu* waves will continue to batter the arch until it colhips«Si 

Unequal ivavtf rroiioit along a rocky coast often leaves isolated por¬ 
tions of cliffs tiiutvn a* sfartt (Fig, Mi). They arc as moat wry 
temporary objects- A ftf mn1i> example tSir- Old Man of liny fn the 
Orknirj bhm.ta It is an isolated joint column of roToml fAtuhtonr 6 w* 
feet lii^h. Mnm examples oi macks occur on thr New England om?t, 
anil act the Pacific coast of North America* 



Fig. 153. A nnluril bridge csrveif mu for h) hJj- if dr Santa Cruz, CtlL- 

fnmii, 


Plains of Marine Erosion* With sufBtietir uplift of laml relative 
tr> sm level, ji wanM?nt terrace bettum-g a Afmu (or trrnu, y * / ot^rtwr 
rfurtflit. The surface of -such a phtiii, like that or si stream-developed 
peneplain. rua iicro>^ .ill kinds of rocks irrespective of rhrrip compos itmn 
and structure- Gn n peneplain. however, the rock wmt is chmacier- 
tftindfy a residua) soih while lhaE of a pin jcc or marine t rosin n rumors 
of w:i ter-worn t mnspoi fetd material lufhrr inmfornili spiviLil over the 
surface* The surface of a newly uprrilsnl tmtrinr phin is uftlanlly 
snwnfhet than flat of a plait* of stream erosimi, Jinj the rrotinn remnants 
Irft bv the waves .if r steeper titled than those on a peneplain formed 
by streams* A remarkable example uj j lon^ plain 01 marine ertwiou 
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wit3 1 siecjvKkled, isfohwd rtiiwrs f farmer feLiiuii) ttSing above its slit- 
occurs on the r.i»iiT n sUiv uf ltnlij. 

A am-^iiciibui marine icrrn^r, utuolly with an altitude of appruxi 



Tw 3. ii+, A nsaNTjr Ttrmcc itvtrli *'itaci 1 ' r Irciiig cut iwa b* wave*. Seal 

Pimem* C.ilifurtiia. 


tnatelv 100 fret, fuecs the sea at many places abmg several hundred 
mi I us uf the rtf southern California (Fig. ii4C Stf'll higher 

termers, proving successive uplifts oi rile sea lloor, are also well pro 
nerved Jilrtii^i [idrtv or this enast. 

Ma*ixb Deposits 

Viewed in 3 broad way, there are tww tfrt-ilt dflsses nf marine de¬ 
posits: m those laid down in ihnlW water comparatively near rUr 
borders of the. land. that is, on the cotitiurntul shelt am! continental 
slope; :iinf (2) the abysmal (Jeep sea) deposits laid down on the lloor 
f^l tht iliTp ocean. 

Shallow-water Deposits* Gent nil it&ti wait Marine uiiSlnm^ 
which uccumulflte along and near the continental border* are largely 
land-derived materials, that is. they are mostly sediment? carried by 
streams from the hind into tile 50J. and in a less extent rnuk material"' 
broken up by tile waves along many shores. Practically all land-derived 
material is deposited within U* ■ to ,t<*J mile* oi the shore. The quantity 
of such wdimetii r a tried inti* the ** each vear is tremendous. Tims 
t!h \IC'Sryappi Rivrr carries several hundred million turn of sediment 
into the Gulf oi Mexico each year. 
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The conti nenraf border deposit? arr extremely variable, Near the 
shore they are dticfly gravels ami sands, while farther out they gradually 
become finer, aiut on the continental dope* only muds are deposited* 
Recent iuvissrijgiriare have, howrm, dmivn that *ndi a grailiiiion out¬ 
ward I anil coarser to fitter inarm id is, hj, no meam, q* Common a* 
formerly supposed* They.- deposit* usual h contain more or less organic 
tiweml especially shell* and skeletons of organisms. hi some <xm 
such organic remains predominate, or even exist to (be exclusion of 





TiCr t|j, A erticffltk: £T3vr-1 b«4«& Coraxpthm NewfoutidtilluL (Pbntn 
by C D. Waken foe U* 5. &-:«u>gifal SutvryA 


nearly dll other material, fes is true of the coral deposits for reefs) 
which form only in warm* dsallow water* 

firuihti and tetmm* The loose materia], ranging tn v£e from very 
fine to large boulders, which fs .shifted and ground up bv the action of 
the waves* undertow, and shore airrrJKs is called the hmu h. le ormsifts 
of the /one of nxfc fragment* within reach ui the waves along flic 
shore, "Its lower margin is beneath the water, a little beyond :hc line 
where the great storm wives break, Its tipper margin (on shorr) is at 
ihv level reached bv (term waves* md is usual h a fete feet above still 
water 11 (Chitttbflim and Sffcfisbufv 1 . Tire upper portion of thr beach 
e«insists generally of coUfUtT material. while it* lower, ur coruitanely 
under-water portion, is made up ot [iuri wireruri Beaches are, as a 
role, not prominently developed at the ban’s of cliffs bur (except 
along very young coasts) they are wrll-d eve loped generally around the 
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shorts of coves and recesses or the coast* L Fig. 155 ) - Where the land 
sloped down to the sea psniji. as on coital plain** benches an- often 
al&o fiady developed. 

Where the *ea bottom slopes very gently from the |hoir f marrnnU 
which ore derived hy inflow of iirrams, ami spread over At hot torn bj 
currents and undicrtaWi may Ik? acted upun hj waves which drag the 
bottom and break some cfiitinee from the shone. 1 lie breaking of such 
waves causes the water i not merely the wave fortn^ to rush forward, 
snrnng up ami dragging along sediment. The undertow carries b.u L k 


Fir;., i$4s Map itifncing liars altttWt (tuoptctrif rm'Min^ rmbavrnciit* uf Lake 

Onf a rln. < After U. $. Geol-ogicaf Surveyj 

much of the material which tends to aecLLmutatc in an offshore /.one 
where the fonvftid rush* and the reversed undertow movement, about 
counterbalance. A iu n ^ harrier beach*. or .1 series ot burnt r utniidi, thus 
builds up some distance out. parallel to the genera! coastline ■ Fir. 15®), 
It may be built tip to the surface of the water by wave action. ttan in* 
^reused in bright bv wind action, forming sand into dunes* Such barrier 
beaches are prominent along the Atlantic m'nl Gulf coasts frntn New 
jersey to southern Texas, 

The water of the area between the harrier and the sbnre is cal Ini 
a /iwm or sound, depending upon its size. Its water is ^Mntti tuote 
tit ah to or 20 sect deep. Lagoon* ate often convened f*anl> into 
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rnjirshcs cither b\ accvnudaHnn nt .-tilinu'rii from t iu 1 I cun!. Of by vege¬ 
tation, or by both- Atlantic Oty P Nciv J™? t is built upon .1 barrier 
bead* bordering such a Li^CMjru 

r/'ni Mrj, When a *liore current riirrymg: sediment. comes to 
a cove or a narrow ftiihayrncni tut the coast. ii tends to trep to sts 
course rather than to follow the s!iure ui rhi einb^mmt. The ^dimcor* 



Ful 157. Map ihowdopt twaeli^ and ipiTi neat Nm* Tort CiU Ies 1916- Fibres 
RprcKfU ilrpthi m [album* bdww Ini’, thta. (A her U 5, Co**r anr( Gc*- 

drtk Siiivey.) 


laden short current thus move* mUi deeper, yuirier water where hi load 
is deport el, amt fhtis a r/rV builds nut from thr Jin re ■! Fig. i siM, When 
the current moves across the month of nm rmbtsymnit, the ?|Ml may con¬ 
tinue to extend until it nearly* nr quitc p doses the cmtiyymrnt, It k 
then called a bur 11- i|t- tto)* 

Ihtitif* The builiimt; of deltas, often o l large extent, into the sea 












MARINE DEPOSITS 


199 




ffyj- hkrs) hv rivers, under certain condition*, has already been 
considered in the discussmn of iirram deposition in Chaplet VlL Sea 
idea* are hoik nf hud-ilcnvid materials tarried in by fivers, bm they 
men tie regarded, in- a red sense, a# marine deposit because tbe> build 
out iittrj the 'sea, 

I^mr kuUt taratt* Where &ca cliff and wave-cut tcmiee are both 
bfiuK eroded by w>vt m riun, the loosened mafermU are ground up and 
in lurgi- part, may hr prriii- 
uath shiitrtl over the bot¬ 
tom pi the deeper water 
,tr the araward edge of 
tlir wave-cut trrmrt, and 
their deposited- A very 
co-raidtrabSf u?npr -kuiit 
Urrtife ixm he formed by 
ihi> process in flic- Loursc 
11 f rime L Fig. U9) ■ The 
ccmtmriit.il $hdf k often a 
combination of wave-art 
and wave-tiuik terraces. 

Recent invalidations have, 

JuiwcviT, shown that, in a 
surprising number^ 
wave-built ti 

formed, but, iu?ir.m, mi. 
sediments move down the 
CDirtiaental sloped into 
deep water. 

Shallnw^water fra* 
tores, such as sea cliffy 
terrace, befl£rl f 

barrier, har* and spir. are nftrn preserved tor some time aft^r elevation 
of the shallow-sea bottom into land. 

DeefNseai Deposits. The deposits on the deep-sea bottom, down m 
depth of two and three mil**, are very largely organic, that is, mainly 
shells and dfher remains of organisms which have fallen to ilir kumm 
from near the surface nf the a* a I fend j r fxpbittttl I lie mmf fotlf 
mon of such deposit are the ikQHOTI oerrf which are made up of the 
r emn ins and slid Is of tmy animals and plants. Such uo^es cover about 
60,1X30,000 square nu]cs of live decp-swi bottom. 


Fit i$SI, Bnrtier hiwcbev alcmg rhe No* Jewy 
i‘ua 11 in i^lk- Dfptlii iu fatbutus below 1 ™ 
lidt, i Alice f- Ic and Geodesic Survey<) 






200 


THE SEA \SD ITS WORK 


At depths greater thnrt twn to three milo, ;i peculiar in! day i* 
the primary deposit. It is very widely distributed, emrfiiiB ,m atr* 
uf 55,(.>oo,(*x> square miles, nr an area as large as nil the lamb <d the 



Fio, i s?, A diagram i« ibim huw a bar may br bufh ucttHw j bay, hi an eddy, 
in a isrrtcral ditemtin <ippci>itf (n that of tht main Khurc entrant, Arirjwi 
indicUc dfrwttaffft n* Tht hmx bar mbiruvl pltir ly rtwloiinji S.I!I 

Die^ Bay, California, exceSLi'iifh itlnsti j[fs thii principle iAftff W s M. 
Davit) 


rarth- Some renin ins of organisms are tntxed with the day., but since 
tjf the shells ait limy itod very thin, they ure dissolved without 



FrS. l€& A fieie ffisirplt rtf a bat bliiTr actn+n an nF. Coatfl of Cali- 

foutii^ near CiQqrnr CTiiy. ■; Phcrtu by W. G. JolitiKiiiL) 


reaching the bottom in the verv drrp water which ia not only under 
great pressure, hue dso rich in carbon k acid gas* 












NORMAL CYCLES OF SHOkt'MNE DEVELOPMENT zm 


The dtrp sci deposits, both ooze- iiml i ed clay, do, Innvtver, contain 
some land-derived and other Itwtniiih. Thu* off the west roast of 
Africa some dual from the Sahara Desert i-> known to iaJl into rbe 
Jerfi Volcanic dust is often carried many miles, and deposited in 
the deep *ra, paiticnlarlv ui die southern Pacific Ocean. Hits of porous 
volcanic lock railed futmu - “Hiictimr- Ho.it long distances Bi die <xcan 
hetore heiv-iiiing sufficiently water-sonkeii n> sink. Lebvies niten drift 
t:ir out Imm the polar rr;pnn> over the >r;i, and, ml lurlting. the nark 
debris which they cm v is dropped to the 7* r a bottom. Also particles 
of iron uul dust fruin meteorites (“aborning; stars") Jinve been dredged 
from the deep sea. 

Normal Cvl-les of Smouki.inu Development 

Cycle Inaugurated by Submergence. It > portion <tf a r cl lively 
rugged (mature) land surface is submerged under the sea. a very irrrgu- 
Ur, deeply im(rated m embayed shoreline results because of rite entrance 
of tidewater into the valleys. Usual|v some islands .irr lelt opposite thr 
h radliu td*. Such drowned valleys .ire ttltiarirt. or, »l thev arr deep and 
narrow as a result tif glanal rmiiw, they arv fierdi. L he-apeake Bay 
and Delaware Jla> are gmd example- uf otunrtts, and excel lent tinfd 
coast* arc those of Norway and southern Alaska. In the following 
diicussinn of stages in the Ilk tun ol such a shoreline, it is assumed thai 
time i- no movement ui the land up or down to interrupt thr normal 
cycle. 

A newly formed coast of rfie kind just described i Fig. iht. A) i* 
attacked by tile -ra waves which at first make it rougher and more 
irrcpil.u in detail. Then the islunils are eroded away', the headlands 
arc cut buck -tonic what, and sea cliffs arc formed. This may be cal let! 
the ynathful itiiqt (Fig. mi. Bl- 

Nr-vt, .1 shallow-water shelf k cut bv the waves, the headland* are 
cut hack f.irihrr, bars me built ncrn-* thr embaymeut*, and the latter 
begin fir fill wirh sediment.- 1 big. It*!, ( 1. 

Then the shoreline is Cut bark ninth farther, a very prominent sea 
cliff tonus along most ar all ot the shore, and there is developed an 
extensive wave-cut shell with sediment deposited beyond it perhaps in 
part as a wave-built terrace, The rental mag sediment-filled rnibay- 
fnriit- are miw largely or wholly obliteratt-J. Thi* is [hr matur* ttajt 
fFig, itu. Dt. Thr leaves thru attack the whole rocky shore, suJ 
the shoreline develop* irregu lari tin or indentation* because ■tome 
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NORMAL CYCLES OF SHORELINE DEVELOPMENT 203 

(water) met nas*» are cm luidt faster than atheri, Such i mien ra¬ 
tio its arc. Itmvnrr, aliru^r never *^amj>nrnHt* in 'ice lu rlvnfe produced by 
the sinking Hit the land sr rtie beginning of the c). le of subsidence,^ 

|n tlic hld'UQf ilVffi- thr wave*™ 1 terrace becomes wider ami wider, 
tbouith at u ilitninnlilitg mic because of weakened wave power on ac- 
omiir >>t irictiunal drag u here waves travel' over such a wide shallow- 
water terrace. Thr *-:i difi gradually WeDHirs so feint as to scarcely 
merit its name any longer not only hreaute nf iltr weakened wave power, 
lint j!so because the Iwid is worn down to very !mv relit'f by this time. 
Alan, because til the low land-relief. little lam! derived sediment com* 
into the sea, a ml so the pftirres of dewing low* material off the wave- 
cut shelf it more effective than ever. There is. however, no important 
difference- in pmerssi-s imnlvrd in the mature ami old-age stages. 

The final st>m is readied when the whole land mass attacked by the 
sea is reduced to baft tevrl 'if ti'twr >t nriair, or. in other word?, wlicu 0 
rock platform is cut evert where m the lower (depth) limit of wave 
errs ion, and sediments hive practicaUv nil been Swept off the platform. 
Thr depth .if water over such a platform is usually several hundred 
feet, the maximum prohibit h*in« about 600 Sect. This final stage may 
hr likened to the peneplain stage in the normd cede m stream erosion. 

It should be remarked that the final, "t even the fate old-age sra E e, 
llHulviflB a really extensive area, is largely a theoretical a,mi dr ration. 
This is because the widening ut the wave-cut shelf gradually becomes m 
slow, on account of steadily weakening wave power, that, long henire 
a land nutSS or escit much miitler than continental size is planed away, 
diasrrophism {particularly ItplHO i* almost sure to inter I ere with the 
cycle. 

Partial submergence of a nearly flat land area would «* course in¬ 
augurate a regular, or relatively straight shard imr free frntn indenta¬ 
tion*. In such .1 cute the shoreline cycle is essentially the saint as that 
inaugurated by uplift of flat sra-hottoin into land. Tins cycle is de- 
scHbrH nmivr rbe tifxi tftfittnn* 

Cycle Inaugurated by Emergence. If part of relatively flat sea 
bottom emerges into land, [he molting shoreline » of regular, or 

aim,** straight and fret from indentations because lhe ]i.d contact 

between tlir two practical 1 Slat surfaces tnalres it *1. In the fallowing 
diM-u^inu ,.f siagei ill die history ut such a shoreline ir is assumed that 
diastrophisto don not interfere with the normal cycle. 

If the emergence produce a gently doping coastal plain with very 
shallow water offshore for some distance, the waves, due to strong iric- 
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SUBMARINE CANYONS 


10 5 


tionat drag on the bottom. have practically no erosive effect upon the 
mcvi ^Kujelinc, Lnite:uf the waves. bi their heavy bottom drag. transport 
ifMUriaU to 4 /one distantr ciffehore where u battier beach 

(of o&hofe har j i» buill up (Fig* A, B). A lagoon, usually with 
[ttar>hes T b thus formed between file original shore and the burner 
beach. The coasts ot much ot Total and New Jersey are hi thik rttage 
oi juu/A* The depth of water on the seaward side of the harrier beach 
k increased enough so that waves cut into the bat ticr* Some of this 
main in!,, raped ally during storms, is carried out to sea* but some ot it 
Es curried over the barrier beach* In fhU wuy the barrier migrates to¬ 
ward the land, and meantime the bgonn htwnio partly or vvholly filled 
with -cdmient anil marsh-plant remains (Fig- 1^2, C)- 

In time the barrier batch is completely removed, and the water off- 
shore is then deep enough lor the waves to attack the whole original 
shoreline. According to Johnson the shurcUnr is now mature (Fig. 
162, D), 

Indentation* may then develop where (weaker) rock* are cut 
buck faster fhnn others, bur such irfegulantles are small (Fig- ih£- 
Bars may he built across such indentations Temporarily, hut. during the 
ttld^agt' Htfft to the final siavr, the history is prstocally like that or rhr 
same in the cycle inaugurated by partial submergence ot a mature 

land area as described above. 

Figure r 62 , dearly illustrating the main stages of this cycle to ma¬ 
turity, should be carefully studied in connection with the above *tatc- 
menesL 

In s ist* the emergence leav e* sufficiently deep water oh^hore, a bar¬ 
rier beach docs run of v<jui*c devtdup, but wave cutting starts right 
on the new shoreline and succeed mg stage* are tnudi like those of the 
latter part of the cycle described Em rhe preceding paragraph, 

SviMAPUNE CaOTOS'S 

Dr, F. P, Shepard has kindly prepared the following etatetnem for 
the Writer! 

41 It has been known for hIiiwhi ,1 century that theft are submarine 
valleys off various coasts nt the world h 1 he surrey* of the fca (foor 
in recent ycare have shown that these features are very numerous find 
of surprisitLKi.' 1 large diiiidwions. Some ol these are cut as deeply itito 
the surrounding ocean floors os arc the greiitest of land canyons into 
the rntroiitulhiK land surfoi** The walk of these marine canyons are 
^ steep as the walls or land canyon*. They can be traced out for many 


306 THE SEA AND ITS WORK 

miles from the tOiisf anil in depths oi as much u,00*> rect bdnw 
fcra level. Some of the most impressive &i ili»e canyons are laund oH 
tlie coast -if California i Kig, e fs-j >* 

,i 'rhcse valley* of the -eu Boor have been variously c* plumed m the 
result of uudtmg Of folding nr submarine current*, but their ehar;ntrr- 
istics are much roorc those nr river cur valleys- Thev resemble river 
valleys in their sinuous otHirecs, their dendritic tributary systems, and 



Fig. 163. The submarine cam on off ibe Carmel River* Californian Xcitc fhe 
dendritic pattern *t the canyon, Figure* khuwt th-pih in fathotm* Cotaour 
»ji lc- r%• j 1 p ip ladbotils, i Aitd l". V. ShrjisTtl acid It. H. HihljiUhriu. i 

(heir V-ahflpcd transverse profiled It seems probable that they ware 
formed jr times vvheit the comt-U margins were greatly elevalrd for sea 
(eve! lowered} allowing *rmms to tmmdte the strep miter slopes. 
SybsequenrU timer grove (or Hie at sea li'Vch carried ihe>r ainjom 
down to the great depth* ax which they arc now found* Since sub¬ 
mergence. marine mud flaws may have prevented the filling of the 
drowned canyons by the sediments washed out from the lands/* 
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VOLCANOES 

Geological IjurouXAML'r or Volcano® 

A vOLCAVO in a vent in the earth'd crust out ni which hot rocks 
(either molten or solid) and hot gases issue. In the po polar mind, 
volcanoes take rank, among the most important and real of ail geological 
phenomena, This is because ni both the terrifying grandeur aiul mighty 
penver ni violent eruptions, and eJtcir destruction of life and property. 
Great active volcanoes, like earthquakes. are, however, uni; relatively 
minor, outward, sensible man lies rations ot die tremendous earth-cliang- 
itig lorcrt which operate below the surface. \ nlcanoes arc, from die 
geological standpoint, tnoch less important than the might; interior 
ioTCrt which cause ihr reck* of I lie earth's crust to be folded and faulted, 
and large portions of continents to be upraised m depressed. Quantita¬ 
tively considered, the geological work uLVomplishcd by vjlLiaws ii> 
notably less than the work of erosion accomplished by riuinriig water. 

In our study of igneous rocks we learned that vulcanic action is but 
one of the two important kinds of igneous ac'iv ity —ptutonU and rvlumit 

_,j, s , i>, deep-seated shifting and intrusion of molten materials (mae- 

paj) into 'he earth's crust, but not to its Surface; and the eruption for 
extrusion) of hot rock materials upon the earth's surface* Even an an 
igneous agency, volcanic action is lyuai it untied; notably less mipuit int 
than plumule (.deep-scated ! action. 

In making cainptLfisans like those just stated, wc must brat in 
mind the fact that we are dealing with stupendous forces and tre¬ 
mendous masses or the earth's crust, so that volcanic action is. alter 
all, not only a very conspicuous, but sl*0 a redly significant, means ut 
changing the lacc or the earth. The geological importance nr vuloulism 
becomes impressive, indeed, when it is realised that, conservatively wii- 
mated. full; gflipy flOQ biWc miles of voli iuiif feb have been furred 
out upon the surface of the earth during the presrnt era of geological 
time, and that vulcanic action was important during each ot the five 
known great eras, in some cases large mountain ranges, like the Cas- 
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cnjc Mmintjsrri' *>F Oregon and Wuhiiigtoit, cottlaiit great quantirtn of 
volcanic materials. 


Shapes ami Sizes of Voi-CAN'oes 

A volcano, in its typical form, is a conr-slmpcd mountain with a 
pitliltc opening, called a (ratrr, at tile top. thrtWgli winch hot met 
material* ami gases arc ejected. Tlic mountain ss, however, a srcwwtfrry 
feature of a volcano. The vent is its essential part. Accumulation 
of volcanic rucls jftiuuJ file vent caused tin: building-up of rite cauc 



Fir^ i £-4 \falien Ijvh iruHun^ buffi nj£. md twirtlrij; ;* rtHj iid ?ua kbtui ef 

IdVfl. ( rnjff r*i Kilnur i. llttSAaii. ‘Filin n 1\1 l- r 4 f Vi* ^uTlftn, taiiilriy oi 
the \jiiuiiil Fail Service*! 


wliirh !*■ of rtiviritt only 411 effect of the vulcanic Action. Even the 
great volcanoes starred simply vents nr fiv*nm in the earth 1 * crust. 

Cimtr? of volcanic origin ran^r in height from a few tret to several 
miles. Illustrative examples of welt-known rone* .iit rfie fallowing - 
at Mono Lake, Catilamia^ where there arc cone* only 10 to JO rect 
high; Coulee Cone In Lassen Volcano t :r nrk. Califotttbi, 640 feet high; 
Me. Wsuviiui Italy* icr! high; Stionibulh ahm\i fl.no fret high, 

a.v immured from the floor ><f the MedsrnnuiriiJi Sr a on which if rtarld*; 
Lassen Peak California, md Mt. [\tna, Sfrily, each over hv**" feet 
hich: Mt. Shasra, California t Fig n*i ), and Mt. Rainier, Washington* 
each rising to Over 1^000 icct above sea leveh and 8000 to 10,000 
feet above the ^rxoomhng country ; and Cotoptad (altitude, 15,600 
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feet). Oiiffllxir j/o Ultittide, 2n,s<-» led I, .. Aconcagua (altitude, 

4ja*w« trtt). alt III which ritp J<>jkXX> t« 12 .vk*' J«t above the gen¬ 
eral level »i the errai elevated pUtinrm nf ike Andes Mountains. 
Very remarkable c;tses are Manna l.oa and Matin* Kea on the island 
of Hawaii, each rising nearly 14,1*10 feci above sin level, and fully 
>i,(KVfi feet above the floor uf the sea from which they have been built up. 

At their banes, vulcanic cam's are tomnwttly tmm less than a mile 
tn many miles in diameter. Examples of a few larger ones are: *Mt. 
Rainier, with a basal diameter ut over it) miles; Mt. Shasta, 17 miles; 



Flfi. rS;, Molten lava pmiriue over a eliff ini” water Hawaii, ( After Dillcr, 
I'. 5. GeildgilMl Siifiry,) 


Mr. Etna. 30 miles: and Manna lain, with a major diameter nf 74 miles, 
and a minor diameter nf s,t milts, measured at sea level. Manna l™ 
is probably tlir biggest vdcaoie cone on the earth- 

Craters nt active, and very recently active, volcanoes range in diam¬ 
eter from a few fert to several ntilo, and in depth from a few feel to 
several thousand rcct, On rrlaii'c| y older, inactive cottas, the testers 
have ot course hem partly, or completely, oMiutated by erosion. Very 
large craiets, often called .uldttai have usually resulted ‘ithrr Front 
violent cxpIOBOOV which have caused thr tap* ul great cones to be 
blown away, ur by suhsidenc* w the mountain tops. 
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Voljca v ec Proi n 1 cr* 

Gases apd Vapors, Tremetidtnifc vnilicmer^ of cases and vapor? (irff 
discharged through volenrui v-ruts, The most .LbuiiiLmr h\ fai i* water 
vapor, or Jtrnttu Thr quantitative iniprjjTartcc of wafer vnpor 23 a 
product i*i ^rrai volikinrk^ may hr realised ^mien-inn by *nii*tikrstioii 
nf nn trtiuiart that about 4<)2/*'■>,1 italfmvi <0 want in the form 
sicam were diH’hcirKcd in k*i days from u secondary coni! on the side 
of Mt Et m. Great clouds or steam, usually mingled with inorr or 
|es* volcanic dust, often rise m Itriglus of several miles above larce 
volcUracs during their periods of explosive activity (Fi]* r ry^L Con¬ 
densation of uich steam clouds MimetimrA causes heavy rainfall iri the 
vicinities >■! the volcanic Much wafer vapor also esc rip** from streams 
n: molten lava, and the discharge often continues tor weeks, or even 
months, after the lava salidifeft. 

the many other gases which arc given off bv volcanoes and 
Uv.i-Hours arr the following: uEphidv of hydrogen. oxide oi sulphur, 
[lydnxhloric aridi hydrofluoric .nid, boric add, nitrugm, hulrogeM, oxy¬ 
gen, air«l carbonic acid gas. All ui these may not !h: given a ft during 
a sinj^ir eruption, of from a single volcano. Some of them may not 
exist as such in the magmas, because certain chemical combinations may 
raLr place immediately after vapors and gases escape into the air before 
they can be collected ami studied. 

Lavas, Ltmt strawir. The molten material* winch is&ue from 
volcoiftne» and fi&irr'i in the crarth. ^ well as- flir rock? which rrsijEt 
from their cooling* me called /firm. When they arr in .t molten condi¬ 
tion, such materials nje known as magmas (Fig. 164). The tempera- 
lure of nuiitmas is very high* cOrnmOidy ranging from igoo° 1 \ to 
F, In a Emery) wux . tnrrt^se in the percenffcjp* of o\iJc uf 
si lieu n i>ame in comjwsttiuu a* quart *1 in the various minerals 11 f the 
ma^iiLi duet cases The temperature nrer^sar> to keep the maw rid moltem 
Increase in gases rmd vapors 1 p;u fradar] y water vapor') in magma nlfio 
decreases fhc frm peni hire (iMSdr) to keep it molten. 

During many volcanic eruptions, magma rises in thr crater until 
It fjvtr the edge, ami flow* down the side of rhe mountain tn one 

nr mure breams, much as would stre&tm of molten imp (Fig, 165). 
Lava t* whitedim when at a high temperature, and in a liiglily fluid 
condition, hut it soon chango to a -litll-enl glnu after it leaves The vent. 
As the tnapnsi flows down the moon la in and gradually cuok, it heemnes 
a thicker liquid f that is h more viscous), some minerals begin to crystallize 
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In it, and finally rhi- wlii.lt- man becomes wild lava. A thick lava-flow 
requires months or evert vesn to become thoroughly cwiTed. La' 1 
streams iw very rnjnnimili from nne*lnurth to one-halt «f a milr tviife. 
and from 2* to too free or mom deep. 

Stream' of lava dn net always pour out <ii summit crater* of vol* 
ratifies. They may hr nit out of the sides of the cones. as has in variably 
happened tn the cose of thr great active volcano of Mtuiw I.tia. Hawaii, 
-luring the last 125 war*. hi such cases the pressure necessary to lift 
the columns of molten lava to the summit* of the muunuiii* is so ifftat 



Fin. (M. A l*v j-flnrv aver the nine of an aid ® Bva inWnb Kllauea. Hawaii. 


that relief (if the prewirr takes |)1acf by devdopnwnr 01 one or mure 
fissure On the limits of the - on* out of which the molttn lavas pour. 

During rlu- process of (towage mi cooling of a lava stream, a time 
comes when there is a strong tendency fur a hard, relatively cold crust 
tl> f l)rj „ over the still molten material underneath. It is otlru possible 
to walk in comparative safer* over such trusts. Molten material of -t 
feva stream may, 11 niter favorable conditions, drain away under its 
hardened crust, leaving a long, narrow, more or less winding cave, or 
sordid i»ra Such turn vis. which usually tang* in length from 

a few hundred ieet to several miles, and iti diameter (mill 20 iu ■*>.> feet, 
are often remarkably smooth arul regular inside (Fig. t6S). Under 
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cither conditbm, the irregular nmvemrnf oi the lava stream may ciu^ 
its cnr*E to be brntrii to pieces. and no tunnef results. 

A stream of lava in a very (lot, highly fluid condition usually flow* 
down :i fairly sleep mountainside at the rate uJ from j lew mites pet 
hunt Hi perhaps li> or zn mile per hour, As it cools, litmm-r, rile 
pmgma breuntts thicker ami more viscous, and it^ rate of morion slowly 
diminish** until ti tin ail-. ^tcip^+ Lt it. not uncommon tor streams of lava 
in Hawaii to continue a slow movement for weeks, nr even months. 

The distance which a lava stream flows is determined hy severjl 
factors such as temperature:, decree of fluidity, kind uf molten rock 
and steepness o! slope, J.ava* like client us Hawaii and IccLnid urr of 



Fifc r^ 7 . Lava start's itprnrnimjj iifccrisiv< tflv».flftw\ hy muton. 

Xf Jr Pjhmv Spring SsVIiUl tPhxHo hy t\ Walanr Uit l . S. tSmkgJ^il 
Survey) 


such a nature that tin?) 1 remain itimi at exee|itionaJlv high temperature* 
for so tong that they have commonly flowed for jo to n nulr?., and 
in some case*, even 30 tn s«> rnitrs. Fjctfcine sr.i?w-> to the contrary .ire 
where Ifttras are *0 viscous rltat they pile up cjott around the ratts as 
shown by certain mm fly extinct volcanoes of France and Germany. 

Kinds «■/ tmws. When lavas solidify from a molten condition they 
have either a glossy or a stum appearand- Volcanic glufis [Fig. 35 
called $ksvikm r U much cmnnimi ihaci utmiy Java* ft re-suln imrti 
Very rapid cooling, especially nf tile more viHrnuv magmas rich in ovule 
of diictm. Such ;h condition is unfavorable tor the molecules to build 
themselves together in file form of crystal?, which would give the rock 
a grained, or stony, appearance. Volcanic glass is. among many other 
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places, finely exhibit**! m Obsidian Cliff in Yellowstone Park, and near 
Mono Late, California. 

Stony lavas constitute the gu&i bulk ot rock. which form From 
ni.i|£ji!d* at. and very near, ihr earth > surface. Fur ilieir development, 
fhr m&gna must be sutfiritntly lluid and time enough must be Rivera 
during the cooling, for crystals {usually small ones) to form* The Java 
may be wholly crystalline, or oymk may be distributed through a 
glassy ground mass. The mineral lomprtsition of some of the most euro- 
iTjms kinds of lavas — &ualt m 
andesite, JmAjfe. and r hy- 
e/iinr—and flirt r relations 
to other common Types of 
igneous ro ck !i;ur a I read 1 , 
been cuiisiderctL 

If, during the cooling 
of a surface tiiugma, snrtse 
minerals form well'defined 
crystals sea fie red through 
rhe- mass, and then the rr- 
tiiaming material solidifies 
with little or no crystalliza¬ 
tion, a so-called porphyriti*' 
iotffi { Fig. 34) result?! that 
H one with relatively brge 
mineral grams embedded in 

n much finer grained, or p lc l>tinn vle^T in * lava runnel 40 Net 

glassy, gmimdmass. bigh. Gutar, WaJdihagtfric >j Cwucciy of ih« 

Escape of gascs and t-. S + Foresr Seiviiw.) 

steam through the upper 

portion of a lava-lluw. where the pressure is slight, may fill it with 
bubbles so that on cooling if becomes rtf Utter fcnw (tig. 172}* If the 
bubbles are Urge,, giving the rock a spurns appearance, ii is called rr&rfa* 
If the bubbles are small, very numerous, and exceedingiy thin-willed so 
that 1 he rock is exceptionally light, wiffiritnfly -11 U times to float on 
water, the lava becomes pumur which b really igneous-rock froth. 

Two Hawaiian tcirm art COmnwnly tssed to design ate the general 
diameter tif the surfaces uf bv.vttovvs. One of these h paho^kor which 
i% applied 10 generally smooth. though often curved juw) billowy, sur* 
face* nf bva (Fig. i 711 >. The other is mt which refers tu rough, jagged, 
bad!) broken Up surfaces, caused either bv mure nr Its* violent escape 
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Fid. itff. Wfivy, rwjrous lava Kill bat atrrf learning. fEftuieit, Hawaii 



Fkl i?& Detail vicu of fO-callL-d '"pahi^eboe" 1 avj 41 |hr cud &f a (fcrtf-miie 
flow, Kilaura, Hawaii, 
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Fl& wi. Part <if a field of rough, htnkrn lav* iwullul W). Kitaues, 

Hitaaii. 


of gases or swim, or by the 
breaking up of a hardened 
mist by movemcrifs of 
ci^nu* lava UJHicnwstb if 

U% 17O- 

Fragmental Products 

These lire the material* 

(usually beared i whkh -ire 
thrown EEitci the air by ihr 
rxpbwivc action ol a vol¬ 
cano. Jind fall tn die ground 
as solid ftsijprirnTSp I"hey 
vary in size from the tiniest 
dust particles, to masses of 
tuns weight* 

Bitot Is nnd bomb* are 
pieces of rock. From about 
an inch to several feet hi 
diameter. which are hurled 
out uf volcanos Tlu-v may I* mur* ur le* *gul*f blocks turn 
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in solid LWiijirmn, or they msiv mult from violent disruption or molten 
tnutcml whereby masses of tin: magma, in whirling through rtir m'r, fake 
on sormrirvhfn rounded form, anil -^ilidifs is such. Bombs of the 

hitler w>rv itrc often cell filar 
i Fig. 1 7_i 3 , Or even piunimus. 
due to escape of eases* 

fWedwir erro/err arc fragmen¬ 
tal materials ran grin g in size IrditL 
shout nri inch down to dust par- 
(idea. Larger cinders art called 
sod smaller ones art 
called WrttriiV dfJtaf* Both types 
may or may not l>e porous. The 
terms "cinders 11 and "ashes** are 
gm+d only in the that fhef 
suggest a resemblance to familiar 
products of hurtling hi if they arc 
not results of combustion* More 
Or less well-defined beds or layers 
of the larger fragments (blocks* 
bomb*, and cinders j produced bv 
so revive eniptiqriSj anil cement¬ 
ed with a-dl or other substances, 
form rntcanie hr raw, 
t'vlamir dust is the most finely divided material ejected front vo!- 
cai>oc5L Successive eruptions of ecu cause volcanic dust and nshs lo 
KCtUTiuIatr in jLMJir or less wdLL-ddincd layers or beds which become 
ciimpacted into StHraileJ tuff. 



F.d. up 


A vfi]ranic hffmh fr«nn 
ern IdafeiL, 


CsAMaw of Era p* no vs 

Effusive Type. Volcanoes characterized h\ effusive cnjpriom arc 
retafivelv quiet in action, and camparativeh free frum severe explosions. 
TV ruo great active vulcsmut* of Hawaii—Manna Loa and Kihmra— 
are rM-llnit example* of the effusive typr. They =ite briefly described 
bey arid ui thii. chapter. 

Volcanic cones built up wholly,, or largely„ by many effusive erup¬ 
tions are generally characterized by Wing targe craters (or calderas!, 
low angles ui slope I ostial 1} les* ill an ut l. mid great basal diametcm 
Tin two ! ,-f named features .lt-■ dor *!.. fart th.it tK lava stream* 
tend to flow far one from the vents. 
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Explosive Type. Volcanoes characterized bv explosive eruptions 
*trr iiulcrni in iCTimi. L11 extreme cas** rile icip of A eone 7 or even almost 
rhe enlifr com?, may he blown to pieces and widely fciiltemL An 
example of extreme violence was that of Kattnai m J'jU. described 
beyond. Typical explosive volcanoes seldom yield lava streams, but 
they commonly send great donds of volcanic dost and ashes, mingled 
with flEKtDt high into the air. I jrge blocks of rock arc a I so often hurled 
out. 

Volcanic voile* built up largely by ctxplnrive eruption* generally Slave 
iveli’diifuicii craters; (heir side* arc ^tfcp tup to j*» nr 41* degrees,) ; and 



Fig. 174. The grind rnipEidii of b?^it Prat, California* May ii» 19i$. This 
Tolrdttic rEeud n Indy -I mil™ hiub, t 5 K.Us» i.ik<h jt Andtmb, 50 mi! it* 
iwil) 1 , t Photo bv oujMl^- lh t Mhfn ami Luomii.l 


the diameters of rises 1 bases are relatively small. The two features last 
mmiEoned are due w the fact that mast of the material in solid form, 
fumtculirlv tbc coarser fragment* acctmniliitr re I a lively dustr around 
the vents, ami produce dop*S milch steeper ihaif litva-ilmre. Cinder 
runrr, built up by explosive- eruptions of volcanic cinders, belong in this 
category (Fig. 175 ), 

Intermediate Type. Mr^i cri the volcanoes <jf riie world, especially 
the larger ones, are neither typically effusive ciur explosive m action* 
but rather ifitermcdtatc bmvirni the two* The) are characterized h* 
more or less alternation or eruptions of lir. streams and Ira pi arena 3 








VOLCANOES 


2 I& 

materials* Shasta. California, and Ml* Rainier, Washington* arc 
the two greatest volcanic coni. 1 * a! the intermediate type in the Uni red 
States, The active Ml, Vesuvius is another good example. Smi cones 
arc usually rather srrrp-sidrd,, that h k tiirir slopes arc often 2 u r 10 jo a . 

Fissure Eruptions, It haa already been suggested duir run all 
volcanic materials ore erupted from cons. Eruption* may tale place 
through fissures, both small and great, in no way connected with vol¬ 
canoes in die ordinary sense ol that term, The materials thus erupted 
arc always molten rather than fragmental- Some of the best exhibitions 
of feurc e tup firms ■ I lining she Imt Century and a hail have been those 
or Iceland. Thus in lyftf molten lav* poured forth from many places 
out of a fissure Jh> milr> long. One nr the ^totarra of lava was nearly 
50 miles tong, and another nearly jo mites long. Each was several 
miles wide. As late as 1923, molten lava welJed out of .1 number of 
very small craters arranged along 11 fissure and spread out. 

Fissure eruption* hate T in past aged, produced vast field# of lava of 
grear depths, qs for example fhr Gdumho PEatean covering 2ik.\on" 
square mile* in the ncirtliwestern United States. 

Domai Eruptions. When n m^inn.i is Inn viscous in tWv. ir may 
be irirccd out of u cent En the form or a steep-sided, more or less dome- 
shaped mass, called a Vbtamie \hmi r aa itt the case pr Lassen Peat, 
California. 


Aoe and De^trv cticjn of Volcanoes 

Ifew Volcanoes, A considerable number of relatively small vol¬ 
canic cones are known to have been built up during the Christian era, 
Spine Oi these have developed, on land, and some in the sea, forming 
inlands. A few exam pics will be given. 

Monte Nuova, a emir 44^ feet high near Po^igoli, Italy, was built 
up in i^jH. A vmr was formed by bending up and breaking the 
ground* Glowing lava ivbs vtsihJc, and eruptions of fragmental ma- 
tennis continued for about a week, building up the cone* There have 
been no eruptions since* Tltc oonr stand# among others which are not 

much older* 

A remarkable cjtte is rhnt uf Jurulln, Mexico, where a volcano burst 
forth in ctilfivated fields vine day fn Eruption* continued tor 

several years. Large ipnintitiis of both molten and fragmental materials 
were ejected, building up a cone to a height ol several thnusand feet, 
A little later fin 1770). activity started at I/.alco En San Salvador* 
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Fig, 175, An atrial vim of rcrtnf cinder conn *mi a tova-fUm. Th* litra-Hm*. 
five mile* Eiiiig, effltffjpt* litmi Uie bUM of < cone j nil ipmili out* A|m«* fiitijf 
mile* tonrlieatl of Grand Canyon, Arizona, ^Foirtbihi Atrial Surrey?.) 
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ELmpttem* often violent, We born almost continuous since that du, 
and a cone over a mile high baa hern funned. 

Cinder Owe (641 1 feet high), and it* jjs^jiiated kva field oi several 

^ 11 m'f inilrir, iMnif! inia r\ii toner in unrthraAlrm Call fornix as a result 

of rnipfmns which began not longer ago than ilir earl} part nf thr 6fh 
century. file second nml lust lavtflow, which poured out during the 
middle gt the iQth century, is probable the youngest in the United , 
Statrs- 

In ii.it vigorous volcanic activity m tb»* floor ui the Mediterranean 


Fig. [7 6. A rungHitefibly rrerieiL rectmly tits net volcano. Mi- Shuns, Cali- 
Imnia, i Pftfilu hi cmut&j nf ihc Smuhrrn Fui'ifif Unrs.( 


Sr*ictUKcd -in island of fragment] material ±w feet lii^li m be formed. 
In 4 relatively short time it was cut away by wave crwkm. 

In the San tori n Island* nf the Greek: Archipelago, several small 
islands have been formed by volcanic activity during the bat six*} years. 

A number of spectacular eruptions in the Aleutian Islands of Alaska, 
particularly in 179ft, 1883* and 190^ liaeve resulted in the farnminn 
of id a mb m ihr sea. 

Various cinder rarta in Arizona (Fig. ( 75 ) and ctetoni California 
are ™ frr-sh and unaffected by erosion thot they certainly cannot be 
more than u tew hundred, or at mdtft a few thousand, years old. 
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Duration af Volcanic Activity, Volcanoes have sometime* been 
drifted 33 active, extinct, ami dormant, Such a dassi fie at ion u* how¬ 
ever. not very ftatSfiactiiry because a* lia* mi often happened) a volcano 
which has hern inactive far mam years nay a|p»ti break forth- Mt 
Vesuvius in Italy, md Lassen Peak in Cali ion si a i are -imong many 
examples- 

The length of time during which mdtvidiiil iotcanocs remain more 
nr W active is exceedingly variable. randiiE from a few days J or IcS-Si 
to hundreds of thomandb-, or even millions, of year*. M<**t of the 
great Yolriroore nr the present timr be their *etmtv in T?ir latter pare 
of the present (CeuozoicJ era* They are, therefore, several million 



Fie. 177. A VftTcamc tieck. Ml, Tayhjr Or^tnri. Svw Meiko, t Afltt Uuttfiri. 
l\ S. Ge&fcgfcfll Survey.) 


years old* Some of them, like Kilauca, are nnw ccmstantiy active ; SOW. 
like Maun a Lmj and Ml Etna, are very Lie at interval* of a few 
years; others, like _Mt. Shiita uM Mt. Ramier t are either dormant or 
pmctkxUy extiiKEE while still other*, like Mb Ltaisdall in Yellowstone 
Park* erased action so many hundred* of thousand* of years ^0 that 
rhe great cones,, many miles in diameter. have hien ven largely removed 
by erosion. 

Destruction of Volcanoes. In some cases volcanic caries arc- partly, 
or almost wholly, destroyed through their own explosive activity, 1 bus 
an explosion of terrific violence tit Kfltmai Volcano, Alaska, in J*iL2 
Vilrw away several cubic mile* of the rop of rhe nkjuntain fFifc- 1 79Jt 
and the explosion of Krakatoa iei the Ka^t Indies »11 i 8 S,i altrtott itm;r 
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pletdt obliterated what wa> a tsiiMi&al cone. A mnt may he partially 
destroyed hv engiilhiierii or subsidence nf its upper portion due to Weak¬ 
ening of the support underneath. The great crater (or ealdera) of Mt- 
Manama containing Crater L ike, in southern Oregon waft probably 
thus formed f Ftg- J11K 

The destructive work of weathering and trtmim h T luiwcvvr, the 
greatest cause of obliteration of volcanic routs. Every volcanic coite, 
even when in course nt ennstnrCTEon. b +ubj*ctcd to the attacks of 
weathering and erosion- The upper part of the cone of .Mr. Vesuvius 



Kio. Map fbwinK the distribiitwn of arrive und rrcfiirly rttlua vftlcmwi 

i; F rmn Tarrs -V- u PJr-ii jL tieogruphy." hv pmiitafiui ->| dn- MicraiHin 

CiiiBpsmyO 

mu, for example. r distinctly trenched by retort soon after the great 
eruption of fragment?! maferiaU over it* side* hi u>o6. When, barring 
very violent erupt inm, the amount of mate rod ejected b\ ^ volcano b 
greater than can hr removed by erosion, the cone continue m build rip. 
Tile activity' diminishes and finally ccjt&e*. alter which ihc cone becomes 
more and more deeply dissected f Fig, 176]. its crater becomes obscured, 
and its \u-bj)ti gradually becomes lower. During j late stage of it* 
emsion, nothing hut the core or plug nf the vokaim may riw: above the 
general level nt the country [ Fig, fc 77 5. and filially it inaj completely 
vanish as 4 topographic feature. 
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Submarine Volcanoes 

]r ha* already hern iuggrurd that volcanic activity may tike pi are 
an the floor nr (he *?A. A rettwk*He example i? Maima Lna, Hawaii, 
which began action it the bottom of the mid-Pidfic Ocean where the 
water W 3 S k Lilly three in ties deep. It has been built up into a 
gently sloping tone nearly I4.0LO tret above sea level. All of rhr eight 
ilawauaJt Island* mirk the highest portion* of a great submarine vol 
Crtitic ridge nr ran^c .several hundred miJcs lung. 

A rrmnrkabie ease ot a great mountain range being huiU up out df 
the is the dnitn of Aleutian hiumL Alaska, mure than a thousand 
miles lung. Jt contains various active volcanoes—-chit* new ones [ the 
Bogoskn vulcanftcs.] having been built up as islands in the years 179b, 
1883, and 1906, 

Aiming many rather examples of volcanoes of submarine origin, men¬ 
tion may be mude of the Aborts, Cape Verde Islands, Canary I 4 xmi> r 
and various islands of the South Pacific Ocean- Mention has already 
been nuide of the coiic (Graham's LI And ' which w:ts built up by erup¬ 
tions in the ehl 1 ist of the Mediterranean Sea in 1831- 

DlsmiuLTTiON ci[ Active and Recently Active Volcanoes 

Hundreds ot vufcanoa arc definitely known to he active, anil several 
thousand Others are cither dormant, nr have become extinct in very 
recent geologic iinif% that is, during the latter portion of the present 
eru r Most oi these volcanoes show a Strang tcudcncy toward arrange- 
merit into two grand tm ^e^ or belts \ l J ig. 2 7S1 * One of thf^e belh 
nearly encircles ilic Pad fir Omm, extending rhrotigh western Smith 
America, Central America, western North AmrnV \ the- Aleutian Inlands, 
Kamchatka, Japan, the Phiitlpphtc Islands, the East Indies* the New 
Hebrides and New Zealand. There are of course various local portion* 
of this belt without volcatioes. The othrr great belt is leas well-defined 
ami more ifiimupied. Retiming let mb say, in Central America, it 
tends through the eastern part of the West Indies, the A^orrs, the 
Canary Islands, the Mediterranean region, Asia Minor, southern Arabia 
and eastern Africa, eastern India, the East Indies and the Hawaiian 
Islaikl^ A considerable number of volcanoes lie outside of the IWo 
grand belts. 

Various i.L-asr have been expressed in the attempt to explain the dis¬ 
tribution or most nf the active and recenth active volcanoes in tlw two 
great belts, Without entering into this discussion, suffice it to wy that 


VOl CANOES 


m 

these volcanoes occur in /ones where firih'emsr disturbance- have hern 
rerentk. mild arc now, unusually profiaunced. Thr> are, in other iror*K 

in zone* of cmxptiotuillf active mountain-kidding dMvemenn, These 



flfin Diajgrairnnjik h.itiflfi iJtomflS the fnnilirictt nf K-'stijiji VtUcjiflij, 

AldtkJU btfrfY am( after I hr gtuai CfOptfPTI of jgsl. (Drawn hy I hr am bur, 

liall tf«ITj Narir-mal I ^cograpllic Sorhv,) 

zones afr in A Erneral way, also ihc belts of greatest earth quake jicrivify, 
fliiJ, as alrrrtdy staled, lx rrh earthquake** -End volfcanoes are hue surface 
rind near-surface tnani fermions or deeper-seated and more profound 
carih-crust acnviiy. 

Some Cheat Volcanic Eruptions 

Mauna Loa and KiUuefi* Two of thr mwE intcrnimg, readily 
nccesMbkp great volcanos are Miluu.i l-ua uud Kiliura on the island >A 
HawA ii in the midst ot die northern Pacific Ocean, They are fine 
illustrations nr the efiusivr, or relatively quiet, type of lotcnnn. .Manna 
J .on h an exceedingly hrgr volcanic pile wirh vefy gently sloping sides 
rising in nciir[\ 14,'** tret above the $rA, and Kijaura lies on its llutik 
M an altitulle of about 4‘»x> kef. Each has -1 vast, nyul-duped crater 
nearly three miles brig bounded by nearly vertical walk of javi many 
hundreds nf feet high* Each crater rir has a nearly level floor consist¬ 
ing of hard, fresh, black lava whrfh is realty only a crust covering a 
miiiluy column of molten lava, several mile* in diameter, extruding far 
down into the mountuin- Prior to ju eruption, the lava column in 
Manna I-01 hundreds of feet m the crater, hsit. during the hist 
century 1 :a kasr, it has nor overflowed the rim, Instead, ac intervals of 
about 5 to u years, the ho a hrrA* out «*r tbr muiiutuinsiJe in the form 
id j ululieii strrtiRi Somewhere within a sew rhunsam! fee! of the summit 
of the cone. *llic resulting relief of pressure can** rise crdutmi of ltW4 
In flir crater pit ro subside slowly. Many such stfetntt of molten kvs h 
from one-fourth of 3 mile to a mile wide, hive flowed down The sides 
id fhe moiinrurn 10 to 45 mile*’. ftifrirtinir* even inm tbr The gieat 
lava stream of hjup entered the W 4 , and poured into ir fur week?^ after 
flowing akmt 15 miles hum the vource on the iLnk or the ziumuLuIm 
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Important flow* alio occurred during tqafi and 1935* Between trsip- 
tiou'S* M:iiina Loa shows no situs of red activity. 

Kibucu acts b> general much like Manila Lon. Lara streams have 
poiired nut 01 it, flank* abu at various times. in tath casts pttcctUd h a 
rtsc of the las a column ill the tast eratei: pit. Within the mighty crater 
bowl ul Kilauca. there is However, an inner pit or crater, about three- 
fifths of a link in diameter, marking a place where rhe crust of the great 
column oi molten lava in the throat nl kifaura i* usualli broken 
through, mealing the magma < Fig. Sfr-f. - Within (his neatly circular 
inner pit, wit h its vet Heal walk, rhr mulu-u bvi rises and sinks hundreds 
of ffi-T within periods of .1 ftW vtars. Sometimes the mapm overflows 
the pit and streams out upon the wide floor 01 Kilauca (Fig. t 6 &E 

Katmat Volcano. Within two daj^ in June, Mji 2 , Katitmi Vol¬ 
cano in southern Alaska wa* >ubjrvted to several fnrifk explminns which 
were probably of even greater violence than thuse of Krakaum. The eeuw?, 
which rn^ over 4 xnfk above the surrounding country, had its whole 
uppci portion, involving about 5 cubit miles of hick, blow away, leav¬ 
ing a vast crater (.or caldera J two and emc-hiilt miles in diameter and 
several thousand feet deep \ Fig, 179), This crater i> now wit of the 
world's largest. The first and greatest of the three explosions ivas Heard 
in Juneau, Alaska, 750 mill's,aw.11. 'Hu- product oi the explosions was 
mainly dust which fell to 1 depth of one foot its a villager 100 (idles awaj 
Hitt) in perceptible ammrntt 900 mi led a way in southeastern Alaska* 
Dust and trtr^rr fragments fell to depths of from 2 m u.i Seet on the 
Hanb of the beheaded mtnmftiifi, Gtarim an the mountain were trun¬ 
cated, leaving walls of ice over fun mile* lung capping part of the 
crater riin. Severe c-a.ithnuaktaccompanied the explosions. 

ML Vesuvius Excellent fexamplcs of vukanora of the intermediate 
type arr Vesuvius arid Etna, For centuries prior to the Christian rra + 
Mi* Vesuvius seems to have been inactive. From Lj to 79 ask immrr- 
0d$ e*rthquiik<> shook the mountain and vicinity- Then, in the ytnt 
79 P there orvnned the must violent miptmn tn (hr mountain in historic 
times, \o molten l.nui appeared. hut the tv plosion blew <tu p o\ much of 
the upper part cii the cone, greatly atonin' its outline, and leaving a 
conspicuous crescent-shaped ridge around part of the stump of the 
mountium "Ashes tcII upon the Mirrminfling country. a huge column 
nf steam and 4sli darkened the iky, and pe.it lumnts of water fell 
upon the Hants of the mountain Pompeii was buried henentli a cover 
of ash and Jbit which penetrated every crevice, and so seated rhr objects 
in a compact cover. In the excavations which have been made during 
the fast century, objects of --vein a perishable nature have been tecuvrrrd. 
+ * * It is a wonderful experience tn walk through (he deserted W*m 
or thi* ancient cii* of at-V-xv inhabitants, to realise under what terrible 
conJitioiis the people were driven out or overwhelmed in their efforts to 
escape" fTair and Martin). 

Among thr many eruptions of Mr. Vesuvius since 79 A 4 x. mrruiwi 
may be made of those of 1S72 ind v/j -6 when great clouds of ashr* and 


226 


VOLCANOES 


Just ww thrown miles into the «ir and streams uf lava flowed down 
the mountainside- 

Lassen Peak, California. hi conclusion. brief mqxtiari may be mule 
ot Las*en Peak in nonIwrn California which i> ml SiWruLit inin r^f imt 
because of the magnirude of eruptions* bur beeausr it t* the most recently 
active volcano in the United Suits prop*■■ The steep-:; id cJ cone ot 
Liuacn rises about a mile above the flurrcnindmg cmiiim\ Prior to May 
30, 1914. the mouncpin bad been inactive tor hundred*. Or even thou¬ 
sands of yean, as judged by the stale of msLrhrring of its Crater. On 
the date uirri tinned the mid volcano suddenly bum into exp Wive ac¬ 
tivity* and hundreds of pj options occurred within the .oral feu- years. 
Little or on lava appeared, hoc great clouds nj sEram and -lust were 
shot into the air, often m height* of several miles 1 Fig. 174 > and scat 
erred ten to thirty miles .1 round the mountain. During .1 grand: eruption 
nt [ =11. a tmnrruh1.11. volume af L‘.mdm*uig 4 i*ini niinghd \vith vukanu: 
Amt started down rile eastern face oj the cnm? T causing the snow tu melt. 
The Mid ting f b>fid of hot mud and loose nosfck fragments, together with 
the very hot volcanic clwuK rushed with terrific speed 10 the base ni she 
auie\ and into a beautiful mountain v alley» leaving m .ippallisig acetic 
of desolation for ten miles- Forest were swept away for miles, and 
fires were set. Real eruptions ceased in 1917. but some steam still 
escapes within die crater. 
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SUBSURFACE WATER 

S<si rces. Awu st* asd Disposal of Si usi rfacs Wxtejl 

The source of all but a very small iinautiF) { probably nor over one 
per cent} uS the subsurface water *n the zone of fracture, or outer* 
crustal purtiun of the earth, i> atmospheric precipitation, that is. rainfall 
anil snowfall* It ha* been csrhnaird that about i 500 cubic mile* of 
water (including its frozen state—wiinv i falls upon the surface of tlir 
United States yearly* One-half, or >ouu'wh:it more, of this evaporates; 
about one-fourth of it daws off in surface streams; and the remaining 
one^fourth, or somewhat Ires. works its way Spun the ernsr of the earth 
either by soaking into loose materials, or b\ entering cracks, fissures. and 
other optnmgs in the bedrock. 

Sonic conception of the quantity of ground water may he gained 
from the statement, basest upon 1 Careful e>ttm*tr f that nil of the water 
in the soils and rocks of the first m«i feet below the surface of the 
United States would be sufficient to form a surface layer 17 feet rhiefc- 
In the $*ctkuii oi the country with humid climate, the amount of winter 
in the first (CX> feet would of course be greater than the average. It 
should not hr ruined, however, that anything like «idl a proportionate 
amount of water in rocks continue to drpthi <?! miK or even or thou¬ 
sands 02 tect. The absolute limit of depth brynnd which any very ap- 
pndablc amount of ground water, in the ordinary sense of char term, 
can exist Is only about S to 1 2 miles, depending upon fhe hardness of 
the roeb. Thk is heratKc the tremendous pressure ol the overlying 
rocks makes it impoffiibte for very appreciable opmlnp to esist beyond 
inch depths. Very little surf sice water ever reaches such extreme depths, 
Moar of ihe underground warn by iar occur* within a few thmt*stid 
feet of the surtace. This conclusion is home out by the fact th^t, in 
Jetp mines in various parts of die world, little or no water is usually 
encounter svl lower down than a few thousand feet. Large fissures am- 
taming water ate,, ho never, *offleum» found in deep mirifv Some mois¬ 
ture no doubt :s held hi the ports of flic rocks beyond depths uf a mile 
or more. 

say 
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Whit becomes of the tracer which descends into the earth’* crust? 
A luf j^r amrnjui returns to the surface through spring and seepage*; a 
large amount move* tn the surface by capilhrit) in [ini* mk materials 
and then evaporate*; plants absorb imidi water tvhkh ii tis iwn up iru> 
the leaves to ht evaporated; ri consideniMf omount i* removed Through 



Fie. Structure *e«km abui-tirm *ss| , S< with niter labte renting Mp*m 

bedrock i B) - 


well* ; some CraveU underground to emerge a* spring in ihe sea relatively 
near shore, i* known to be the c:l« in the Gull of Mexico, and tu 
the Mediterranean Sea; some enter* into * 11- ■ ntcjl eganhmation with 
various imnccals und rocks to bt held iberr. of ecu for ages oi geologic 
time; and some makes its was so lar down ill crevices and pores of the 
rocks ihiLt it rrrmufts I in a very long time. 

Mimes 0 ¥ OCCURIENCE (JF fit FSL'RFACE WATER 

Water in LotfSt? Rocks anti Soils near the Surface, There .srr 

three general modes of occurrence of subsurface water: M l In loose 
Uiatciinls relatively near flic surface; (2) in porous consolidated rack 
layers dr fonnitlom. usually well Mow the surface: and (3) in cracks* 
fissures, and other openings in hard rocks. Loose rock tor millions rjiJ 
suits tifr, in most humid nrgkuts, saturated with water at greatrr nr lrs< 
depths (usually ter-* than Jy ftril below rhr surface, Thi* statemerit h 
borne out by the raft that water m.ty Ik obtained almost Liifivrreally 
f rom well? in such rcgiuiEft within 25 to 75 ffr| ' E oT the surface* More 
or less moisture of course occurs in die tuaienals above die zone of 
saturation. In arid anil semi-arid regions there is often no /one of 
tmturadon in the loose* lucoherint mater uds just below the surface, ui in 
case is h p merit. it Eft usually fartlwr down than in humid regions. 

"Hie pOTtrsity of many twHr soils and rocks m op mi ugly high. 
Thu* 25 ro 451 per cent of the volume of common rand \$ pore space, 
while ill loam it is usi.Lilly 40 to 5 ° per cent. If is cle;n% ttarretore* that 
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one-fourth to one-hall' nf the volume of such tmtcruiF when saturated* 
is water. 

Water in Porous Rock-layers Wry considerable amounts of 
water occur in more nr lets definite layer* or tormatinn> which often 
extend at various angle* for burnt reds, or even some rbmisamb, nt f«r 
into the earth. Sftch water-hearing layers ur romutiuns arc known us 
aqvifm, An aipiifei 1* iisimlly bounded above md below by material 
rat hr r irnpervinu* in 1 Fig. ifil ). An excellent example of an 

ut|iiifer on hr®e scale k fhe Dakota ^imktr.iv formation of South 
Dakota and \rbra_sk4. Almost anywhere ultov. Nebraska, a well dnlfcd 
rhrough a thick rortmucon or day. and into the porous Dakota sand¬ 
stone, strikes water. In such an aquifer, water travels long distances. 
Thus water obtained from 14 we]J in the Dakota sandstone inmiarmu 
in eastern Svbrtthx ha* traveled -ictunlly liiiridrctb of miles under the 
state fmm flit eastern tmnt ot thr Rocky Mountains where surface 
water entered the upturned and exposed edge of rhe parol rt iormaiioci 

Among rhe consolidated strata, sandstone* and certain linns tones arc 
usual k rlir most puroiK their volumes of jiore space often being tt? 
3 <« per cent. 

Water in Cracks and Other Openings in Hard Rocks. The !«ut 
amnunt of suhsiirlacr water occurs in the hnrd bedrock fonmtKms- 
With the exception of rhe small quantity rather firmly fixed in the tiny 
pores of the rocks, most of *.uch water occur* m joint crack*, fault trac- 



Fir., rS1 Structure arrrrnrt lhdttlng an aquiErr * A-A) lying hflwffn iKarh 
inaprririmii twda a f *liale fSHk Arrows mdj+Mtr Jirfilimi uf itiLivrmrfti 
■51! w.i» r in [tie squifitr whirl] may ntnid for many miln. 


Itifr- nr mure of le-> well-defined chaiinrK Mnity fnnnnticm,. s-nch as 
Exnrritr and other t% pe> nf crm^lliue rucks, are mrirhrr in definite layers 
iv r are they porous rnnugli *0 permit water really t*> dim through thril 
masses. The porosity or hard, deep-seated igneous am! me [amorphic 
rocks Ls general k Itr^ than one per Cent. 
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We have already learned that joint crack* are very iM&ttOif, and 
mildly closely spaced* in .ill kinds M hard nx'k* in the miter imtit of 
fracture ? portion ui the earth s crust- Suuh cracks .1 re* usually mure 
or less irregular in hull d Erection end sparing. Fault frarmfo, which 
arc not so abundant, arc often rather regular and srraieht tor consider- 
able distance*, M would >k- expected, the e.ttc with which waster may 
Travel along such tiradb mid fracture* varies greatly* Many times the 
passageway arc sufficimtly tuny and open to permit water tu follow 
them readily tor hundreds or rien thousand*, of feet. 

In limestone* even win-re it h exceptionally dense h and to a less 
extent ui other rocks, underground water often rnlarges passageway* 
into more or less distinct channel* along which actual umkrgrnLiml 
streams niaj flmv. Such streams may reach the surface in the brui of 
Springs, Echo River, which Horn through the bottom ui Mmxunoth 
Cave, Kentucky* ts a fine large-scale example. 

In a great lava region, such a* the island of Hawaii, sufcnirfacr 
water otten Hows through lava tunnels thr origin of which w* have 
already explained. 

The Water Table- Tile surface brlotv which the soib mid rock' 
rirr saturated with water h called tlie iraft* (b ig- i Su L 1 he term 

doc* not apfh to n saturated layer nr formation itiquifr*') capped h\ 
an impervious lay r or formation* TV water fable mm rypk-idl\ ii H * 
in soil which rest* upon bedrock in a humid region* In such a place 
surface water works downward, filling ail crack.* and crevices in the 
bedrock, and uaturaring the lower portion 01 the soil, while the upper 
portion of the mA\ u ocily moist. The top of the saturated /one is the 
water table. 1t ha* already hyn suggested that there is m universal 
mo e of saturation, particularly in arid regions* 

The water table is very irregular bur it i* generally tardier under 
the surfaces of hilb than ot valley*, This is because the water at the 
higher levels tends to migrate, under the action ot gravity, to the I rover 
lr\r]». After prolong'd rnin f the wtfrt table tuay coincide almost, or 
^uite, with the earth* surface over a cunshiertMe area, js was the ca*e 
at the time of the Lhiuon, Ohio, Huud uf WiJ when the gromul wcw 
nearly everywhere thnmutghly waked. enuring u maximum rtm-ofl. In 
the soil-cove red, humid portions of thr United Stairs, rhf wafer table 
ranees very commonly in depth from the mrhez to 40 or feet. 
Springs, swamps, ponds, and hkes not infrequently mark phm where 
thr surface of the ground either intercept*, coincides with, or passes 
below thr water table (Fig. 180)* The water table tawet* steadily 
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dm in:! biiE periods oi dry weather, and this explain* why so many mill, 
springs, and swntft, which arc dependent upon the upper portion of 
the saturated 4une, go diy. 

Springs 


Ordinary Springs, The lam tprine k applied to subsurface water 
which riitirgm From rhr ground, Spring'- nun hr divided. according to 
their inude* of origin, into gravity and artesian springs. ami. according 



Fir., )ti SprSnsj- i-.iUlut I* IK Uol of aravcl between tavrr* of lava- Thau* 
lafnl Spriuift U.ilir ICmium; »l fti 1'. S RecInmnion Scrvice.) 


to The nature of the futrags traversed hi the water, into seepage, 
tuhLil.n, and figure springs. Snmr n» the most common conditions under 
which springs occur are illustrated hi the HCOGiflpanung figures. 

Hot Springs. {I>‘t if'iaas may be regarded as those whose tempera, 
tine range* from that of the human body to the boiling point ot water. 
The two nuist common cause* oi the heating of the water* of hot springs 
are the following; 11 J The water mm pass through masses of volcanic 
rocks of recent geologic age which have nm yet coated tn the normal 
temperature oi the earth’s cnisr. Ydlmrstonr National Park contains 
thousands of such hot springs I many of them boiling) where, during the 
present (Cnuv.oie) era, successive outpouring ot lava covered a wide 
area mam hundred* of fret deep. Fine examples also occur in the 
Las«n Peak region of luirrhcNi California, and in many other parts 
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of tlie world. ii) Water may, where the rock structure fe favorable, 
pass far enough Mow the surface to have in temperature mu ably tai&d 
by the general beat of The earths iuteriiir, iintl ifirn rise In the surface 
under (hydrostatic) pressure. Deep well records show th.it thr tem¬ 
perature of the earth increases downward at the rare of about i a F. in 
50 io J5 feet- Water emerging from a depth 01 a few thousand feel 



Fir* iij, I>jiur«nmatk K«iun ilttunrntfog a 'vater-iabT? ipriu^ (Atter U, S, 

^rolugirat Survey*) 


S-fi'r Snh 



Fif- iS+- Diagrjrranaiir HHtinn il I lju rating a rtihular sprung in lirntroxit. | After 
U* S r Geological Stinej-J 



f'Ecp^ 1^. Db^rummatir scemm it 1 11 ririJl itin a ^wirr jar arlnian] -primp;- (AS rf 
t'. >. GrotogiraJ Sarvry.) 


uviitld, therefore, Ik tinc.thiv waim Such springs are. however, usually 
ruiT very hoi and nan-1 y. ff ever atmiallv boiling. The\ usually 

from prom incur fault Fractures which extend in great depth?, generally 
where the rocks are a ho much folded, There are many examples in 
the southern half of flie Appalachian Mountain^ a* at Hot Springs, 
Virginia. Among many other c\aiuplr- are I lot Spring, Arkansas; near 
(Jgdcn, Utah; and hi parts uf southern California* 
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OfhcT sourer* of heat of uadcrgitiimd water may hr chemical action; 
flirt ion due xo rubbing r i>ck masses against each other, as during 

faulting: ant! pottibli radio™activity, but these arc probably much Eesa 
important rhmJ the two sources above explained, 

(itytfr* arc periodical IV eruptive hot springs found only in a few 
df tlu rrcefii volcanii' regiems nf thr tvuflil* %sich j* Y f-llutvsttmc Park, 
Il'«'I aitd. and Sew ZraEand. Tlir) ar? exhibited mwt wonderfully in 
WttowB-ione Park where many of them erupt cnlumns of hot water to 
heights of 23 tu Z 50 feet at intervals varying from an Ilnur Qt less to 



FiC- A OTtP of h tu spring* and jsryHrv- Yi-tlmwtnnr Naffr-nal Murk. 

Fbnto b> Hitlm,, U, S, GtolugkaE Survey-) 


many days ( Kig. 170). Old Faithful Cky^r erupts once about every 
7^> minutes, each time sending over 1 million gallom of hot water, in 
the form of a column several fat Sn diameter, m a maximum bright of 

about H.* i fret. 

The grrverid explanation of gey^r actfon may be stated briefly as 
follows: The vtrt irregular geyser tube extendi downward nearly ver¬ 
tically into a mm nr hut Java, The Tube is filled with water from 
itpriiiug* in 'hr immediately surrounding roi Ef&■- 1 he boiling point of 
the water toward the bottom of the tube i> considerably greater than 
it is at the surface because of the pressure id the column ot water. 
Fin ally, however, the hot lava causes the water in boil far down ill thr 
tubw in spite of thr pressure. The first steam to form causes the whole 
column of water to lift slightly, thus relieving the pressure an the super- 
healed water far down, and resulting in quick development o! much 
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strain xvl l;1i vudcntlv force? most of ihc water out oi the fgy&T \vihe* 
Then the process is repeated, 

Mineral Springs. Wafer begins tu take mineral matter into ’Oln- 
tinn as fotm as ir enters the earth. In many cases, paJ ticuLiilv where 
the material is relatively whittle, ut where fhr water im'cli far down, 
much material may be taken into snlutfnn. cMoring; the ivitirr To hivnmc 
mure or highly minerdW- Sgrih vvarer, onrrgi«ie « the earth's 
fturfice T lorms ^ which may br cold nr Imr. Mineral 

vpritigi. ami hIm well*, often yield su-culW tiard water which contains 
much Ciilrile. dnlmmEr, gypsum, nr certain other mineral in soln- 



Fic:. iE?, PiTiil vine nf .i pao tif Mnmmnth flnt Spring*- Ye-ltimttmv Xu- 
danaf Park; iFhocp by JhcMiil r $- (Survey.} 


lion. Wells and spring in limestone regions dlaracErnsrfrallv yield 
hard water, Sofr water usually emerges from opening? in igneous rocks, 
vmh a* granite and lava, and from other rocks which tun rain very lirtle 
limy mutter^ Mhirnd waters may con rain sulphuretted hydmgen, rar- 
hrmio acid gn*. .usd rtf her g;i>rv. A carhomiEnf spring is highly charged 
wiih cnrbcmfc add gas which escape from the emerging water on ac¬ 
count of rhr relief rd pressure. Mineral springs may he either fusr or 
cold. Mineral waters arc ulten more or fess medicinal in their effects. 

Wells 

Kinds and Depths of Wells. Water wrlk are sunt in van mi 
ways, rhe most common qf which will be men Ei fined. Most wells hy 
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fer arc smijdy r/idown in loose imteriats to a littb below the, water 
table Thr depth *cfclum exceed! feel in humid region*- ’Wells 
,uc often knr*d in I^o-h materials with lurgr. nuger*. rotated by a penver- 
developing machine. to drpilu \tl iO£> feet. nr somewhat more, Weils 
ma) alsn be efemtt in lrnj>c mateTmU h\ fairing sm.ilI metal tubes with 
perforated points to depths «f so to air* feet. 

In hard bedrock iurmatious, wells lor water and nil arc usually 
*frifled In the perensston u\ a tong,, heavy steel weight wludi is raised 
and suddenly luimed fepcatrtJly from a derrick or by the more recently 
dev bed rotary method. Many wells hare been drilled to Jeptli* of 



Fie. tB8. Siructurc section Wustraimg flu wing well* in a synclinal bailri. {Alter 
V S. Geal*upt*f Survey.) 


thousands n! feet. Among Severn! very deep well* in West Virginia, 
one showed a Temperature of 172® F. at JOOQ feet, arrd little or no 
water was encountered in ir alJ flic way do™. A well over 73™ feet 
deep in southeastern Germany showed a temperature of iBb F. .it the 
bottom. In tii.jH 4 well e >,* * *> feet deep was drilled in southern 
California. 

The drilling id deep wells, wherr sample nf thr rocks trim differ- 
cut levels have been saved, baa been an important aid to tile geefogat 
in rendering more precise a know ledge or the kinds, thicknesses, and 
structural relations of tin* rocks underground. 

Arlesian Wells* When 4 well, sunk to a ponmi waicr-bcAring 
byer or fannarimi, <ir a crack or fissurr filled with water* pncnuJUrn 
water under enough pfesMirr to otbe it to t\-* mnrr or in the hole, 
we have an ortrsiun tyrth The water is often under a rremendnus 
so-called ''pressure head," hut it may. or may not. How out upon the 
earth’s surface- 

Requisite conditions for the flimt common tvpr of artesian well arc 
the following: a pnram- t.iyri between water-tight layers; exposure of 
at feast an edge of the pnniu> layer sn that water may enter it ; inclina¬ 
tion of the water-bearing layer (aquifer) so that the water will move 
downward m it tindrr tlir action of gravity; absence of a ready escape 
of the water at 11 lower level than that of tbc well; and an adequate 
rainfall n> furnish the supply of water. 
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An aquifer like that jutt described may extern! under a valley, Ifld 
outcrop on the hills each side as shown by Figure tHH; &r ir may be 
lilted tn one direction am) thin our* or glide into impervious material, 
as shown by Figure 1S9. In either cas* 11 flowing artesian welt would 
hr obtained by -unking a well throng the upper water-tight layer into 
the aquifer. Sunn; artesian bailus are very extensive l Fig- 1-S(). and 



Ftfr. i^'jr S-iruetiiir ^euion illEi*tTattns flawing nrfr-viiin it til* in a m#un>i J ! i nc, 
: Am? t\ £, Gfttlofck&l Survey.) 


the water emerging fmm a well in such a basin may have traveled him- 
dreds of miles underground* 

If an aquifer, lying between water-tight beds, curves downward 
(synclinal!y) under a ridgr, ih shown h\ Figure lOo. a well sunk to the 
aquifer from high up OR the hill would be tois- flowing, although the 
water might rhr under gre.it pttssiin: to a considerable height in die 
hi'lc. In none of the - .uhtti dr^rihtd will the water rise to the level of 

it? wire* (or intake) hc- 
c»uk friction during the 
passage of the water 
ill rough the poraikl nxfc 
layer rrduecs 1 iota hi \ thr 
pi assure, the inn re <u j> 
the distanie increases. 

M UL'ti |f>s common!) 

than the cases just rm'n> 
t fritted, heirfi flowing and 
itfffhfldwiiig artesian wrtb 
may result where water i* encountered under pressure m cracks, jis-ijrv^ 
or channel* in dense of hard rocks .15 uigg^tcd by Figure 191* 



Fie. 190 Stritcmfc 'criien ll[u.itrriiuug j mus- 
flivwiilg well in a fvndinal area. Dotted fflf- 
marina h tbt dnutfer. 
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Wells and Sanitation' Fully two-thirds of the people of the 
United States depend upon wells for rhcii water supply. Most oi the 
(M i«plr by i jit in the upper \lkdsrippi Valley region llsc welt water. 
The linJcifioft of well* with rfimruce in vaniTniy I'omlitinm is. therefore, 
ni wry great importance. Failure to give reasonable attention to simple. 
rumkmen[;i! precautions s? a reason I^r a targe amount of sickness which 
could 1 st avoided, especially in country districts. 

Gcfm-Udcn water may rravel surprisingly far underground* Water 
ton ruminated hy barnyards, ct^spook. and outhouse? spreads notably on 



Fhl i*jj. 1 Hjj^t anmsuir xte mu dkHvifrg apiftiE* iistl (hawing well* ia jttirurd 
ivjfJii. (Ahet tL 5. GcoiofiQ] Survey, i 


sinking to rhr water table in loose nutter iaU h often enuring water in 
shillw tdug) wells dose to hutti^s -iml bams ro become more w |«k 
germ-laden i Flfi, I 9 i). The sale well must be ri mated oul of range of 
such contamiiiatjan, Gcim-Jatfuii surface water may 41 so travel under¬ 
ground through fissure*, 
cracks, or utamnels in 
bedrock, and corttami- 
tiiite wells ami springs. 
Less often the surface* 
ami near-surfaqc t drain¬ 
age may be down a hill- 
.hiJe. whale contaminated 
water may fluw an the 
opporiie direct fern under¬ 
ground in i pip etilj % lajcr of tilted bedrock. Even Lifter a well has been 
carefully located in the Ikht or thr- principles fiiggesttd, sanitary anal¬ 
yses of the water should be made once or twice a year to insure reason¬ 
able safety* 



Far*, iv3 Kmiciurr ilmwine m? wav 

ivkitb mill jiniii f|>eljli> nifty be polluted, I AI ref 
U. St GioIngEcat Survey.) 
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Work of Soi-utjov bv Sl ^surface Water 

Solvent Action of Subsurface Water. Mention has already bmi 
made <A the iact th.it water begoti to rate mtarr Or !e&* mineral matter 

into ^oiLLfi-uji as soon Mi it 
enter* the earth* Pure 
Witter h.n %umc power to 
dissolve mineral nuiirrr„ 
hut the carbonic arid pis* 
and mher gasef anil acids, 
which it takes up from the 
in f anti from the decom¬ 
posing crrpnk matter in 
ilur «oih ^rrufly mcra*e 
hi! vent power. If 
if moves downwind fur 
enough, it also becomes 
wants Lor hot) and gets 
under pressure. thus nmkiise it a more powerful solvent. The most 
common rock which is readily salable in such water \* limestone, which 
ennshts largely ur whulk os - nitre airing .- dub inure, Gypsum and sa.lt- 
bearing smu arc readily Attacked. M ,im other minerals, even as rr- 
srsTJinr as Erlrfspnr, also are taken nf leasi partly into solution. 

Amount of Material Dissolved* One (it two principal things may 
happen ro mineral matter taken into snlntmn by subsurface water. It i* 
either carried deeper down into Mir jlo ne of fracture and there deposited 
in openings in ihc rodu nr it i* brought to ihr .mrf.ue, mainly through 
springs, to he carried to rhf sea Ut iuriucr Mmirm, The deposition of 
materials at lower lev d& 1? discussed beyond iri this chapter, Even 
roughly approximate figures in regard ro the j mourn or material cte- 
pratred .it town levels in the mm os fracture cannot he gnen. hut thr 
quantity is l rrnimh, large. In rhr d of the rate of erosion of 

fhe United State*, it is stared that, according to eskhI estimate*, the 
rivets of riit- country carry about j j -^m - - turn nf dk^dve-l minted 
matter tn rlw ^ea rach year, ijtisr m rhb rEiormnu* amount of ma ten 11 1 
is taker 1 into Bolutinn hy LuuIrrjrmuniJ waters within a few hundred tert 
of the surface, and Ted info the streams through spring. Underground 
water, therefore. contributes fioteilv to the genera! process of wearing, 
down [erosion) os rhr lands, because the surface snrcjitt', as they cut 
down, have lr&* rock material to rrtiiove* 



Fjc. igj. Diugrttm illip#TratinK the origin at 
<av« iln Idarki. «lol kulr* \a), ami iiAtvral 
bdilgr* in firoeitanr, (After H, V. 

Cl eland.) 
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Caves, Sink Hule 5 h and Natural Bridges Formed by Solution, 

An important inujJt -it tin- solvent aenun of tfibsurface watcr H parries 
Inrly in lifnntfam- fefpomi fs rhe development or m>fi tor 
Onr o i the mQai muiirkablr examples is Mammoth Ca^r H Kentucky. 
This wonderful work or nature entirely the result of the action of 
underground water which has dissolved tand to some extern corradedl 
ami carried away trittiniiJtiu* i|iiantitir* of limestone. There are scorn 
of mi In oi intricate punier wajis .an J galleries, some or them very large. 
A stream, called Echo River, aided by its tributaries, is .-rill carrying 00 
the work id soIuteimi* and so the care is being enlarged. Among other 
famous large caverns similarly found in limestone arc the recently d re¬ 
covered Carlsbad Cave; New .Mexico; Oregon Caves, Oregon; Wind 
Cave, South Dakota; Wyandotte Cave, Indians; and Luray Cave, 
Virginia. 

An opening which cunncca 1 cave with the surface is called a tint 
hnlr> Fink holes may hr formed either b> the solvent action of surface 
wairr which find* its way into a cave, or hy the collapse of pare of the 
roof of a cave. 

A mturai l*rid$i may be formed by the collapse oe all but one piir- 
tien t}f the toed id j cave. A f animus example is the Natural Bridge nf 
Virginia.. Natural bridges are formed also dt other ways, one ot which 
is illustrated by Figure 117. 

Deposition* by Sv mi a pace Water 

Cave Deposits, Wlirn water coutaimiig carbonic acid pj*«vs 
downward through 4 limy formation it becomes mure or I tv* lime- 
charged. A limp of such timr-ch urged Water, mi reaching the imd of .1 
cave, evaporates somruhar, and give* tip $nniv nf tik gas, with the result 
that part of the lime is deposited. At ter hanging fur a time nn the ceil* 
nig. thr drop of water falls to the floor where much. or att. of the 
remaining lime is deported. Many repetitions at thta# process cniue a 
lung, ^lender, [cidf'&hapnL incrmtatiotj oi carbonate of lime, Called a 
ttitteiriu, (o he built vertically downward from rhe maf of the cave, and 
a stmtJar. though usually thicker, mass, called a , to he built 

vertically upward from tile floor Many stalactites and stalagmites may 
form in 3. single cave, and some of them may join to form columns w 
pillars (Fig, 19+1 l. Wonderful and fantastic effects are fluis often pm- 
dLived, dependent upon flu- manner lii which the lime-rhurged waters 
trickle and spatter. 4 * fur e P \ample in (he Luray Cave of Virginia; parts 
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of Mammoth Cave, Kentucky; smtl Wyanduttc Cave, Imlintm. Stake- 
rites and tfahgmilcs «Kvur hi fcvvut profusion, and of grr.ir 'hr *.—5 to 
15 fere in diameter, and 25 to 50 ject long— in thr very recendy explored 
Carlsbad t'.ive ur New Mexico. 

Under moEF cotidit mjj is, seal ac me* and Mtadaptiires tun\ 

be farmed of other minerals, such eh chalcedony, Jimoniit, etc. Thne 



Fie. i^ 4 _ SlAtactfErt. tidaijiTjite^ and pillar* in a eavr, r^n Oivn, Oregon. 
rfJbatD by conrtrti <jf ihe l . ti Form Sfivi^.) 


arc rarer and usually much smaller than those qf Itmc because the 
materials art more difficultly soluble. 

Spring Deposits. When ijmlcrgruuntl water, highly charged with 
mineral fttiinrr, rrachr* rhr surface as .% spring, tin ir i> n strong trn- 
deucy fur it in deposit at least part *\i lit. mineral load- Redurrmn «j| 
prrouje^ Tmvfrring of temperature, mil escape of carbonic acid ga*, are 
among tht principal factors which rause such deposition by springs I Fit; 
1S7)- F)q»s!ts nr carbonate of lime are not uncommonly found around 
spring of even fdltivck cool water, where the mineral-charge is heavy 
Trmvrihu ts. a general name applied to linn spring deposit, while tin. 
mure ponm* or stringy, limy nut*** are railed ashttr^m tltfrt. 

Large, hot Hiring ire specially libel? to yield cxtvmivc deposit 
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fit rhrir immediate viriimml. an excellent rasr rn poivvr bring rhe great 
accumulations of travertine around the Mammoth I i<«t Springs oi Ycb 
lowsronc Park (. [■ !.£. 1S7). The alkaline water* of the hut springs and 
Beysrr$ uf the Yelk wstuEic geyser harnm bring much tocdhiJ <•,■• nffif/ 
to the surface where if ucc o mul ate* . This pdrou* material [* the samr 
in QOinpcrtirirni a* ihr mineral quartz, Other numeral .viW niri:- are less 
often deposited h\ springs, 

Bek of CementAiion 5 Veins. Underground water accomplishes 
much ot its work oi solution hi the upper portion of the zone of imcruit, 
that is. hi the belt of weal he ring. As the water moves downward, it 
becomes richer in mineral mat- 
trr, Arid mure dugpdi. Ascend¬ 
ing hot crater, under high pres¬ 
sure, loses pressure and becomes 
cooler. The tendency is Sot tile 
dissolved substances to be de- 
i^Hiial under such eouditmpsi!j 
filling cracks, fLsum. LmJ open¬ 
ings of all kinds, even exceed- 
iijgly smalt ones. That portion 
of the zone o( fracture, in which 
dcpn.dtmn uf dh^dvrd minerals 
t;tkc* place „ is cal Jed the krtt f*f 
ctmmtaifon* Many «dimtmtary 
rocks are consolidated by cr- 
mentation in this belt. Cracks 
mid feuns liflrj with mineral 

mutter from underground u-Ker Vein* r>f calnur in 3 ptliMe of 

Solutions are cat fed trim f Fig. tclita. 

195), Among the very common 

vein-forming minerals urc quartz, calcke. Itimritr. and barite. Two nr 
more minerals may occur in one veto. Where underground openings 
arc filled mily partly with mineral matter, beautiful crystals often occur. 

Valuable orrs, such as those of gold, silver. cupper, lead, and zinc, 
usually have hern departed from underground warn solutions, and 
concent rated in veins jit many region*, Deposition also often results 
where under ground waters with certain aufntiuicn in ^duticsii travel 
through various rodts or encounter solutions ot other substances, thus 
bringing about chemical reactions which may develop insoluble sub- 
s Linens, wit h resultant dcpodinui oi the I litter. 
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Mineral -charged subsurface water may also bring about firtrifttrlion, 
that h s die reptnrmserit. par tide by parttcle^ or cell by cell, of a hurled 
dbcllt log* or other icmaiiis of an organism by the mine raj matter irom 



Fta i$4 A petrified rm tttink partly atp^ed in volcanic fragmental wk. 
NarfonaK Momiriwm. WslMogton, 


an underground solution. In this manner this so-culled Petrified Forests 
of of Yellowstone Park, and ui other region* were formed, 

the petrifying material hat tng been the wry common -ab^attir called 
''silica/ 1 which i> the same in comport mil the mineral iiuim. 



CHAPTER XIII 


MOUNTAINS, PLATEAUS, AND PLAINS 

Pm SCUM I Rhl.EFF FEVTtRFS OF THE La.\I> 

General Slutement. Mount hint emwitmte the most conspicuma* 
rcliei features ot rhe earth. ~Chz expression 'YverLasting hills' 1 may semi 
appropriate to the layman who is impressed by the grandeur and mas¬ 
siveness of mouauinj. To the geologist, however* mountain^ even the 
grandest of them, arc known to he but transitory forms* A mountain. 
Uke an organism, lia* a life history which may hr relatively short and 
simple, or lon^ and crimp! e*. .Many <j t the m^t pro foil m! lemons oi 
Ecology have been learned from the study or rhe lilted. toldrd. faulted, 
and deeply eroded rock< tit the earth's crusi where they are exhibited so 
Wi*in!rrliilk In mountains. 

Definition Of Mountains* In tlte commonly accepted sense of the 
term, a mountain Is any no! ably elevated portion of a region* A* inn re 
precisely defined, "r7if>urrtmn$ arr cutup icuuUrfy high lands which have 
but slight summit areas ' 1 ( R. D. Salisbury 1 * Mountains. are conspicu¬ 
ously (sigh hi a relative sense only, that is, they stand om boldly above 
their Aiirm imdm gs. Lm*. mountains are often called ftilU. but the ds^ 
rinction between these two terms is often a relative matter, usually de¬ 
pending upon the region in which the drviitmtM occur* Thus in a region 
ot low relirt like Iowa. elevations of only mkj to 30 » feet are sometimes 
referred £0 as moiintHins (e,g, Mount Vrrrton, Iowa), whitr in other 
region* elevations ot tooq to 3000 feci may be called hills (e.g, Berk¬ 
shire Hills, ^ J ussfu liusetts k Ai a rule, however, elevated masses lower 
than a IW hundred let* arc not called mountains, and three higher than 
about tone* feet arr nru called bilk. 

Definition of Plateaus. Tracts of rebtivdj lifgb land with con- 
filterable summit* or ncar-summit, areas arc called platraus. They 
nearly always rise distinctly and rather abruptly above the surrounding 
country on at least one side. True plateaus rarely, it ever, merge into 
lowlands f plains). Plateaus jre usually higher thuji plains, bur they 
may be considerably lower, av Fot example the Piedmont Plateau of the 
eastern United States which Is mudi lower than the Great Plain* lying 
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just cast nf Th< Rocky .Mountains, Plateau surfacw are udmUl) tiu>re 
nr |es trendied h> valleys, nr even great ejuiyim*; -iml inaimirnm »isc 
above the general level 01 wmc ®i tliein. 

An excellent large-scale example oi a high-level plateau with a run* 
ipkiiniu ilrternt on uric side is thr great Colorado Plateau of the south* 
western United States (Pig. i). li lie* fmm 5000 to it.twns Iret 
above sea level, with j gradual increase in altitude from ttllth 10 north, 
and it is separated from the Great Bantu mi die west by a steep slope 
(fault scarp) tow to |i*n feet high, It is trenched deeply by the 
Grand Qan yrvn cif Arizona* 

Detinit iun of PLalns. Tract* of relatively lm*> level buds are 
called filttmt, In actual the tettm "pla(W and ,4 pUte*ut" -ire 

often cmf uftfd« and, a* * mafia oi fact, a very del t dfctiiictinn htwrtn 
them is difficult to make. Plain* jfe, a* a rule. lower than phremv hut 
there Ate striking except nm*. .is for example the Great Plains of the 
United Stitts Ivins « altitude nf Irons 31300 ro {tom feer* and gradu* 
ally ij^TEtdEiig eoatwaiJ Into the Inferior Low loud {Fig: i). Relation 
fn the *urmumling country ri a more Important criteria Am altitude 
feir distinguishing between plateaus and plains, Hina if the region 
known ris the Great Plain* wtre separated abruptly from ihe Interior 
Lowlands, of if it were almost furrnunded mountain*. some #ueh 
term as 'Great Plateau" would be more appropriate 

Much jjj the cofUrirteittal areas are occupied by plains Not only are 
plains the dm|dr*t of land inrtrs T but also they are the m»r widrspmifl. 
Most of riie people of the world by far live upon plains. In the 
United Stales plains, atv exed! ruth iind extensively illuvfrated by the 
IEiferror lowland, the < iresf Plains, and the Atlantic find Golf Coastal 
Plain* {Kgi Ik The Great Plains are remarkably suirxith, but the 
others mentioned are considerably trenched by stream-cut valleys. 


AbHAMCiEMEN'T IIP Mol NTfiVS 

A iwiojiitfriuj is a more or less cone-shaped mountain mass, a$ 
for n^mplt* Lu*&eii Peak, Pike 1 * Peak, Mt* Ramin, ami Air. \\ i>b- 
ington. 

A mvantmn ridgt i> a relatively long, narrow mnimraiii usas*. such 
a* 1 he Blur Ridge and many others, often locally called mountains nr 
ramits, in the Appalachian district, 

IVnk> or ridged, ur both, tfusy be grouped irregularly, as in the 
Adirondack Anil Cat-skill Mountains of Sew York. A single large 
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risigt may be turniiimtrd by a number of a* for example the 

Cfttfiiilr Kangc. A single lurgr rider m.iy he without very omspioious 
prnks at if* err*!, as fol imiMc the Si cm NrVfuta Range, Many 
nearly pciralM ridges may 
be grouped into long* rela¬ 
tively narrow hells, as in 
flic case of the Appsjudl- 
isui Range. 

A fttouritfiin rang? 

in.iy, train the geological 
standpoint* bcrsl hr re¬ 
garded a s a jingle moun¬ 
tain ridge* nr group of 
n'slgt-i ami peaks, often 
with mote or Irss para lid 
iirningnmuit, the 111110-rial 
of which was built up 
into- moilntain hirm by a geologicd process 1 or sec of processes') during a 
particular portion of grulogkal time. In ifcjJittg with mountain origin 
md structure, the range ts, the reform, a geological unit. The Ap* 
pakchian Range, the Sierra Nevada Rangr, the Wasatch Karine, the 



Fu., 1^“. Diagram And vei nun (hewing -StEhtij 
r 1 1 n 1 i' 1 S. 4111 k I in a L ttiminlain rid /lira 

MfNBHtbi ^vilrrrbiiii (Affccf W. M. 



Fia iy&* A mtHjntiuu ridge carved mu of veriical strata. We *t yf Banff- Ah 

bertt C^'Lpda. 
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Coast Range, the Pymi«s, Hir Atflfc and the J lima lava* Jfr ipk.i 1 rx- 
3mpiri, ihnugh it should hi- hnnwr in mind thii< nmt «f flirw wrrr 
rejuvenated niter their original ujilitt. 

A mountoni tytitm “consists oi two or mon- mountain ranges, of 
the satne (or rtrarly the same) period of origin, belonging to a common 
region of elevation, ami ipmr rally either paiallel. 01 in consecutive lines ' 1 
1J. D. Dima), Tim- the Larjniult- si item iuvlmlcs a series of raiiges 
in rhe Rocky Mountains. 

A mountain j hnin fonrists o i two or more mtetm of ranges formed 
at distinctly different geological times in a definite part of a rontmtttiV 
mill usually nwre or less parulIeL Thus the Appalachian Own omv 
priset tin* whole mountain region on the At Inn Me side of North America, 
including the Acadian Range of Nova Scoth ami New Brunswick, the 
min 1 o^ins of eastern Stw Engl ami, tile Given \Emntairw, the Berkshire 
Hills, the Highlands of the Hudson, an A the Appalachian Range- 

A tordilhrfl is :i grand combination of chains, systems, and ranges 
in one general portion of a conrincnf. The North American Cordillera 
ineludfs *11 the momtttftkS f rom the eastern fate of the Rocky Mutincarnd 
tii the Pacific Ocean, 


Otticif si of WoirsrAxm 

Folded Mountains. Chartitttr* or kin, ntui Mruttur? of /Ac rttn- 
trriais- Must of the great mountain ranges of the earth belong in the 
category nr smiled folded mauntaim- Folding of strata. accimipanied 



Fia. iqij Siruciurr scctwii 30 milt* long iJiawitig deeply erndvd foldfc Rocky 
Mrruniiiitib i*i Mijinaaa. (Alter L\ S, Crwlu^kal Surety.') 


by general uplift, is the tnu^t jmpurf.tiit of thr various modes of origin 
of mountains. A good idea of the general character, origin, and itruo- 
iure of the mahrrnL? of a typical folded range tnji> be gained from the 
consideration of a carefully studied example, such as the Appalachian 
Range* 
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Evert a Wtoll txi|n acpftt* E Etc Appalachian Range would reveal rhr 
fact that the rock niBirriah i^msk vriy lately m ■ on mum kinds of 
stratified rock*> that is. sandstone. conglomerate*, shales. and hin^tuitts. 
It vv<?nIbi a ho be evident that the tiuefcnrss ut the strata snmsl ht iikjs- 
11 ml by thousands of feet* As ;t matter »j fcacT + Clrtiu! Jnefiturtlti^ 
Il;lv t- nl iuu'ii that the strata nl the Appalachians were dcpotitvil originaElv 
under water, lu.%cr upon kyer, to a maximum thickness of d to 
35,left. The irctrMitdoii* thiehirti or such a pile or strata death 
I rail? m the ctunlustfm that tlir drpu&ition tntfft have continued for inil- 
Iinn^ nf years. Nor only arc rhr ruck* of rhr AppalarhlcmS water-laid 
sediments of grear thickness,, bur also they were deposited mostly under 



Ficl. ?oa Structure ifflMi shewing ihr dwplv »»dd, vns high!) folded A!p* 
tcjTLff ihc Rue ef thf Simplon Timtwf. Length wtk>t* r U* rallt*, (Kjy^r, 
4IJECJ" Htini.) 


sea Water as proved b) the fact that they contain numerous fossil re^ 
mains of typical marine animals 

The strata of a typical folded range, like the Appalachians, are 
largely, or wholly, of shallnw-watrr origin, that is, tJiey were laid down 
on the tJnnr of A nrlarivdy shallow sra. Tiliv is proved h\ thr very 
nature of the materials, partictilsrh the sandstone and rnngbmermes; 
by the types of animals represented in fossil form; and by certain mark¬ 
ings on man 1 , strata, such as ripple mirks, mud cracks, etc. Since the 
strata arc of shallow-wafer origin, and since the) jet piled op id a 
great thickness j many thousands of fcet) r it h uhvinu* that the wa 
door upon which the aediitsenrs accumulated mint havr* subsidrd during 
thr process of deposition. Such dcpositfnn nt sediments u^uallv takes 
place in a great down-warp, or subsiding trough, gmeraJli hundreds 
of miffs hmg ami 75 miles or more wide, known as a ^syndinr to 
dhririguisfr ic from an orduuuy syndme. 

Thr folded umi of a typical folded range are fwirli always arranged 
in relatively long, narrow belts or zanies. Tlih is because they comtst 
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Vrry targclj of (ami-derived masrrjalf which were drpmiteit in ^hallow 
water along the margin nt 4 hind are; 1. Thi> it in hannony with die 
well-known tact thnr H at thr present tinK r , land-derived sediment* \ gravel* 
*and K anti mud) .tre deposited almost entirely within n*> tci aoo uaites 

ol tile ctinlirtcnts, We 
imift, fcbfcrtfufe, thint of 
the *ite of .1 topical folded 
range Hi mice having been 
« subsiding* marginal sea 
bonom upon which sedi¬ 
ments piled up layer upon 
layer fur mill toils oi years 
to a thickness tif many 
thousands nil feet. 

One of the must strik¬ 
ingly evident features of a 
typical folded range ia 
dial llie strata yrc nut m 
esseai rial ho r bout si I por¬ 
tion as the* were wUm 
they wt re deposited, hit 
that they ha vt been much 
disturbed and rbrown into 
folds. Single folds range 
in length and width from 
less than a few feet to 
Tifih-v (Ergs. 63 and Efjql. The drgnx of folding vanes from genile 
antidimd and synclinal structure to overturned and recmnbem tolds. 
and even to compressed isoclinal lolls (Kip, and fia). Such lidded 
structure* werr, as explained ns Chapter VI. developed b\ w tremenduus 
force oi lateral compression within the mine of Huwjgr of the earth's 
cTusfp The fold* lire Nmv exposed 4.1 n twill of removal uf ovr-ilying 
material by sutaripurnt erosion. The main attr* of the folds, with some 
minor exceptinns* extend ramtially parallel to the main trend of :i follrd 
range, lists is because the force of cumprcssion wm exerted at rtghc 
angles to the trend of the range, 

A high degree of cu Id in 55 oi Klsafn results in a considerable amount 
of esrth*crtwt shortening. Tins 1* btnauM ilit- belt* of umr linri/nrif.il 
-strata are crumpled into min It narrower dories, Lt Isas been estimated 



Ftiv atii. itl'H-t itia^Tmn^ #hhmns him m»inn 

puj cau« rtniiclfjint vallrv> 11 vl jmdJtmJ 
tSMMjrtijins_ (I-'rwn Tun'* H N>u Phniru] Grnjp 
raphiC by p< unlvti^ti M the MafttdlUn Cum- 
pan. yd 
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thill flir crustal shortening canard bv the Appalachian folding acrtss 
southern iVuiuybuniii was fully lb mild, In the vm severely folded 
Alps the shortening if much grruter. 

Srirt km$rf t*f <1 folded rimw f * In dealing with -t cydr of cro&mii 
or (topographic development. u« used the■‘terms infancy, youth, maturity, 
add old In a somewhat similar manner ut may use a biological 

analogy in dealing with the eenluiHm oi a topical folded range. First 
there Is [he tmbfyuMi itn#r during which the vedimenfc- accumulate 



Fm 3oi- A rnminlaiti ridge carved mu of inclined, folded ■•nrjua. lVijshi 

at mountain,, ahirai ama HritciA Fa*. Memumi ■ FM'» foj Chap¬ 

man fFi-f L. s, Ceuliipcal Survey.) 


upon the marginal sea floor. This stage h WJunlly very long—mi 11 inns 
Of years at Italt 

Pf«r mines the h\Hk of the range when lire strata art- subjected 
t« lateral pressurr, tfrmctrilAl ioldni, ami raised partly out nf tbe sea, 

During the yairfAM rfdyrr the irinuniam range grow*, cli-it is, it m- 
creases in altsimle, and the folding bctUIHf^ niore cuvmpltVp heeauw The 
eotnproiiVT force i* still very Active- The fnmrasc in height talio 
place because the eumtmctive lore* of uplift is; greater than the destruc¬ 
tive Fnrrit of erosion, which latter already operates to cue down rhi* 
rnuge. 

The m*rtttr* *tm i« reached irhrn rise- upbuilding process ls about 
equalled k\ the tearing down (erosive) process, li during fins stage 
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that the range c\hibts its greatest altitude and its mimtuum jugeed- 
ness of tdirL 

During file the upbuilding process either greatly 

dimiimhri, ur altogether. and (lie fearing down proas® of erosion 

^ !>ttad5 reduction in the height of the range. 

I' miilly lbs fffinettf/n qi the range, :is a. comptcuou* relirl fixture. 
is reached when cn^ioiL Jins reduced it to the condition oi j [tciwplajii. 

The normal order ol tveuis in the history oI -a Gilded range, js 
above outlined, may be imerruptiil at any v|*gp !>> miexvnl, or luweiuji- 
firm, id uplift, particularly .tifrr nurruTiry. canting n revival or fltmnt 
activity, and an inf-neasc in ruggednrs* of relief. Even after :i range 
has been prnrphnrd it may be up! if red and rejuvenated with tr&rsibliiih- 
nirnt nt a new cycle of erosion. Subsidence would directly cause a low¬ 
ering of the ra 1 sue and u skving Juwn uf thr process of erosion. 



S'l^ my. Struct (I re within iLhiUraling lit* daTr lit fulrimjt of Orara Thu- Mldt-d 
r«k* are OiduviciAq and utdrr; ihe mm-ftMed ™cL. 4 fe Silurian ami U*- 
™n 1 ti(ii The fold* orrt- produced turfare The mm-ntMed rnuta were 
UtiL CataldU Mountain rrgiwi, New VnrL- 


Rtiif miil fltsir of fo^htm, it iiRu^t hv clearly millers rood that folding 
and uplift of 1 ^rear brxh 01 srrara into n litrga mountain range is a 
verv stow p nx-css. generally mjiiiring hundreds of thousand^ or even 
ttmrn: millions, of ye;^ As compared to the Iqftg cons of known gen- 
Irt^cal time, the active process ot 1 aiding docs, however, take place within 
a comparatively short time. It is usually much less than the rime 
neecssrtn tor the deposition oi rfn strata. Great mountain range- have 
been funned by hiding bf rock* at various- rimes, and in many place*, 
during geohupcal ninr Such tiujiuilain-maLm^ inmgrmc) dbrorbanra 
arc commortly called "revolutions” Thu*, in North America, since the 
opening of the Paleozoic era sonic of the must important urogriue Jiv 
rarbanoes have hern as follows; Ticoiric Revolution, in western New 
England ami southeastern New York at the dm? «f Ordovician time 
[«* tabJc in Chapter tj. Appultchian Revftlutinn toward the dove 
of the Pafeoxoic eni; Sierra Nevada Revolution toward the dmv of rhe 
Junwh period: Rocky Mountain Revolution toward the dose oi the 




ORIGIN OF MOUNTAINS 


^sr 

Cretaceous period t and thr Coi£l Ranjrt Revolution at the cfasc of 
the Tertiary pc Hod, 

How a the date of a folded ran^r determined? Two principles are 
involved. First, it is necessary to drirnmiir the gcokiiiEad ugr of the 
liittsx (ujan^rl strara £iivu]crd In thr folding. Thu folding imtst 
have occurred after ihti dqumtinu of muh strata- Second. if is nevv*- 
sary to determine the getdtagpea] age of the oldest (h>wc 5 tl non-folded* 
nr less tulrlcd 1 strata resting (by linconfiirnutv I upon fhv folded ruck*. 
The folding of the underlying rocks must have taken place far fort- the 
Jejjosiition of the overlying *rrata (Fig. 203}. To use a concrete ex¬ 
ample, we know" tlmt the Appalachian Revolution occurred at about 
the clou? of the Paleozoic era because rhe ywngtsl folded strata are 
of very late Paleozoic age while the nhlrai non-folded sTmra, resting 
upon the fold vs! rocks, are of early Mesozoic age. 

Crittfr 0/ felduipi We art reasonably certain that the earth does not 
canit&E of a moltrJi interior covered by a solid cru&t but rather that it is 
composed of a great, hot, solid intercut enveloped by 1 relatively 000L 
mtrfT, sit criihul, portion* Mountam-fulding* with its aecinnprumng 
crustal sfmiivnln^. is quite certainly produced hi hieral picture within 
the ea/th'v rmst. It seems to be a wrIFesmtolished tact that p he erirtli 
has been a shrinking both tor long ages of geological rime* It also seems 
to he dear that nrngenir. nr mountain-folding^ fore® arc somehow caused 
bit eprih contraction with its resultant sirc»rs and strains in the shell 
(ur crust 1 rtf thr nrtlip 

Faulted (Block) Mountains, Many uvnuiuin ranges are caused 
either partly or wholly b\ faulting, whereby great earth blocks arr 
made to stand out m relief. Such blocks arc often tilted, and they 



Fir., acuu Diagram* ilhiMfilling tauJtddock nwimrairt* Horiftwcsl tUraca were 
laid dmm uj™ rh* pem.-plaiitn! turf aw n| tt rough fuldfd tfrafa. rkn 4 

■iTles *>f lilml hlnck ..jrtiahn, developed anil thr lihick* tv rr rmjch isiiHli- 

rird bj crr^ini> amt dtjindilon. Ihirfc clinjtrmm rtpres^jm lift black’ in p-jeto- 
lial iHHHcrodril farm, (Aflfr \V, M. (.rjvi-.j 
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hit called fitulirtt or bfack mvun faint* T \hrd block mountains art de¬ 
veloped typically in aoutheastvi n Oregon i Fig* Aog) where a series uf 
them from hj tn 411 trnles bug, and row feet or more high. have 
their tnuEi. scarps affected only digblh bj erosion. Many of the north- 
ninth range* ui V\ -i.L j and Utah art- bJo L l tnmmiatm cuspid era bly 

modified b\ rrosfon, The Hub! wear cm face tif die Uaimch Range of 
Lsjifi i* n mode raid) rrndr-J limit scarp ikm f a mile high, .and many 
milts long. Grandest at all in the Uni ltd States, however* is flic Sirrra 
Nevada Range which is a single, great* tilted, i:a\\i block over 400 
miles long, and from &0 to 7= tmici wide. A •omewhar eroded, very 
>tctp k fault scarp, ranging from 4 Jmy thousand fi-'-r 0# (wo miles high, 
tharply hounds rb* range on tile ram side, while a Jong, relatively gritdud 

dope iorirn ;ti western suit Fig. 1115), A portion of the Rhine 



FTsi ioy ftingnsimatk 1 ^rhYm in. *hcm hnw ihr western San tiiifcml 

MtiLiriiairf* of Cal I #0 rnl j have httn v\nctifA up as a fatdl blw* I'borttl. 
Arrowi inriicacr riir^cturoi fo form hm-itvfd. Ttir hlrxfc of crymdfint 
figurum .imf uHfliinurphk) osrt* Is flunk-d on rar'li dde by tbirk beilir* chf 
diflLErb^d ffcnttR. Vrtikai pmtjFc much «naggeritefL Lenj^tli tif veetinei 
about 55 milt* 

Valin me Gemtnni h .1 fttnkcrt fjulr block tying between two tilted 
bull block-— the V*• *-l!•■ ‘- and the Hhvk Form. The Sm Gabriel Moun¬ 
tain? or southern California cmnlihtie a good r\amp|t of cm earth-block 
which has hern uplifted Iv tween two frmlrs. 

Volcanic Mountains. Wr have afreoily learned that many mountain 
peaks, often, of great height,, have been built up bv yooinmlittosis of 
igneous mater hi T* .mumd the vents l>T volcanoes. fkmic r i these are 
limed iei Chapter' X 1. 

Not orilx individual peak-s. bit! alvi whole mountain rrm^ri may hr 
built largely, or whrillv, hy volcanic action. Thus The CjEcude Range* 
extend me for hundreds of miles from northern California through Ore¬ 
gon and Washington b, to a considerable extent, a volcanic mountain 
range whose once greatest, centers nt aciivih 1 arc ciiiuLtd by conspicuous 
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like Mmmfs Lassen* Shnffe, Pitt. HpkhL St I Idem, Raintrr. arid 
IlkLtr. The chain of the A In man Island* ni Alaska, more than . rhrm- 
sand milts long, is art excellent illustration of a mountain raripr now 
being huilr in the sen by active volcano, 7lic Hawamyi Islands rep- 
resent tile highest parts gr a great. largely submarine, volcanic rants: 
hundreds of utiles lung, 

Laccolithic Mountains. Cloudy rdirr-d m vulcanic peaks in 
origin arc £u*c&licit fawalifftic mmw faint, the principle ni which hat »U 



Fie. aotf. Mmjitlaihnui ma*m; *cYcrdl thaujtfEld lee! 1 1 1 1 £AJTVcd out nearly 
horc^TnUl «nu. CiriiFMl Cafljen, Art/fflU. i.H^lJrr HnEitii'i, 1, > r Ge»* 

lugkai Su.rvr}, i 


ready hern dearribetL In such carat muhru itintrrial it forced info the 
crust of t he cm rib. bni imfead of reaching thr surface. if hiilgeu nr urts 
the upper portion nf the crust info dome-lib 1 foriw, I.^-eolith* ai-r very 
typically ill titrated in southeastern Utah, and also in pints m Colorado, 
Wyoming, :lihI South Dakota, hi all of which region* practical tv hori¬ 
zontal strata fmvr been bulged up h\ magmas T‘here thev show all 
stages of erosion f rom those whose covers arc practically intact to utilers 
wlmsr ligneous core* have hi.ru tmm or kid bare, with (hr eroded 
edges of strata Upping up oti their limb {Fig, Sj). Lacto I ith ic moim- 
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tains are neither abundant mr Very large, Thci. occur singly, or iff 
group*, bur prantcaliY never in rhr form of disrinn rnrigrs. 

Erosion Mountains. AU mountains art of subjected to. and 

modified by,, erosion. In hot a few ca5As< however, niuiin tarns may be 
developed by erosion alone in uplifted reqjons litde, ii any. affected by 
folding. tiukmg. or i^ieoufl activity. Such ^h-caUtd rrarteii mmjntmns 
are formed by the erosive fadpturiiig of plateau?- ind high plains into 
high ridg*-*. j'cnU (or butte*), mesas, and deep valleys The Cats till 
Mountain* of New York. with their mime-mi lr narrow ridges ami 
deep valley have been carved mir or uprarwd, pearly horizontal strata 
simply by erosion* The maze of sharp mountain ttdgrs and narrow 
valleys coHStitudiig tile badlands m parts of Wyoming and Smith EJa- 
Lota, have been eroded out of high, relatively 10ft* Pearly horizontal 
strata, The miinemm ptab and pinnacles which rise nimiimmdikc 
wirhm tile Grand Canyon of Arizona ( Fig. ,306) are really erosion 
remnants, Fir erosion mountains. Another gwd il lustra linn oi erosion 
iiHiimiiiLii-L [s near the mouth of Zion Canyon. Utah, where niOLintuirt 
peaks several thousand feet high have been carved by mutton out of 
horizontal wata lying nom 41* ig to ft ■ ■ ■ feet jjbmi- sea level. 

Composite Mountains. In addition tu erosion which affects ill 
mmmEains of whatever mode of origin, folding, faulting, and ignctrua 
activity may :ill play Important pans in rhe development of a single 
mountain range. This was true ol the Appalachian Range, especially 
its southern portion* The severe fold tug of the origin al Sierra Nevada 
Range vvaj accompanied bv tremenJ e-jus intrusions of granirr magma, as 
well as by vigorous eras jap. Faulting ami crtnfoti only hairr enrerrd 
into the development of the block mountains 01 soiiihcastern Oregon. 
Many mountains are wholly uf igneous origin* and more t>r less modi¬ 
fied by erosion, 

V arious mountain ranges farmed hy folding have been dt^'plv eroded, 
and then rejuvenated In uplift without mrahlr folding or faulting* I'x - 
ampin? oi such rejuvenated range* me given beyond. 


StmmjAltfO AXO DESTRLXTmX OF Noi STMXS 

Front the very beginning of 113 history a* a topographic feature, 
every mountain ram Ln attacked uncca*iitgi> by weathering anti emdun 
which continue to ope rite during the periods of youth, maturity, *nd old 
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age- In the course of turn every mountain will be leveled by erosion 
unJew it h rejuvenated by sons? puxe*> ut igneous activity or diastro- 
pltisnu Ctees of rejuvenation arc described under the next heading. 

All three of the great er^ivr agents-—water* irf f and mnd“are inj~ 
partem in the sculpturing of mountains, but water is the ntost effective, 
Tltc principles ot Weathering and of water r ice, and wind erosion. as 
well .is many topographic forms resulting from their .icrion, 41c Jr- 
scribed in preceding chapter*, and it terms unnecessar) to repeat them 
here in tbrir direct bearing upon mountain sculpturing. Some general 
effects of the action of running water will, however* be mentioned* 
Thus a range consisting n< well-defined mure or less parallel folds will, 
in maturity, or utter rejuvenation, be eroded into a system of parallel 
ridges and valleys ( e.g. the Appalachian Rang?.) A ffuunitiiii mass eon- 
srstuig us approximately hortnwtaJ strata Je.g. the C,itskjll Mountain*), 
nr or igneous nr mcriumrphic rocks without wall-defined structures \ r r g. 
the western Adirondack Maun lams) will be carved into a maze of vtih 
leys and ridges. Conspicuous valleys will often develop along lines of 
pfamnWnt fault* (e.g. the eastern Adirondack^, and the Coast R.inge 
Mountains) Volcanic and tarrolitliic peaks will be trenched rirepU 
with valleys radioing fiotn near tJicit summit le.g. Mr. Stair-u ;i. 
Block mountains will hr dissected variously by erosion depending upon 
the attitude of the blocks, and the character ami structure of tTieir rocks. 
Great tilted blocks with in youth and maturity, have a system of ap¬ 
proximately parallel canyons carved out ot ilieir long, mure gradual 
slopes, and short s^erp gorges and canyons in their fault scarps i c.g. the 
Sierra Nevada Range). 

In cold, foil 1 iid regions* mountains may he sculptured considerably 
by glaciers w hich cause development at L'-shaped valleys, cirques, and 
knife-edge ridges fe.g. Glacier Park Montana I. 

The action ot wind is an erosive factor usually of considerable trn- 
pcutinde in mountain* in arid region* (c.g. the Great Bo&iii mounTJjms 
of Ne.ada and Utah). 

Rejuvenation of Moi vtains 

Tlte history of many mountain ranges 1$ more or less complex, A 
range may be born ami past* through tie? mature and old-age stage* in 
extinction * prncplain stage) practically without interruption. It may. 
or may nut. Then be rejuvenated by diastrophism «r igneous activity. A 
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rdrtftc may have it* normal life liistory interrupted Jit *ome juulicular 
stage, or during more than «tic stage. The more tJiC gram finger air 
being studied, the more if is realised that the hie Histories of mnn) of 
tliriM are b} no meins regular and simple. Two examples of interrupted 
cycle* 01 mu until in history will serve 10 mate dear the general 
principle*. 

Thr Sierra Nevada Rang'- v\;^ severely folded m\ +Tl ■- ■ I luw.'ird 
the dose oi flit 1 Jurassic period. Great volumes nf gminre magma wrvr 
intruded at the same time. Erosion then hdd way until the range 



Ftc* 307. A Tiew in rtie Cascade MountntDi, The p 3 itlr:iu summit, marls hI 
by si iifirlt ore ikydine, replevin* ati ^M-agr lurJaec □! bufr^ct'tkd 
inoLLntniur which urm uplifted rlmutcndi id Jett mnd ilerpb rut Ielih by 
’.rr^:Lni» r Cjnhl Cr^k rtgioa ul ctnira! Woshm^tun. (Fbuiu hy TJ, & Gc«- 
lojgka! Survey. J 


w ;is reduced to lulk by later Trriiary time. Thru a great fault fn?i> 
ture began lu develop along the eastern side, .uui rtir whole Sierra 
\i rsdrt fault block hai hern upraised and rilled UilD its present position. 
The many deep canyons, like Yiwcnritt, Kern Kiter. King's River, 
American River, and Feather River, hart' been cut into the western 
slope of ifie fault block by erosion. 

The Appalachian Mountain district was subjected to several minor, 
more ur less local uplifts during thr PdooKuc era, but ibe grans! 
climax (Appalachian Revolutfcn) of folding and uplift occurred to¬ 
ward the dose of the era and shortly tallowing the 
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folding great thruu faults 
developed. Throughout 
Mesozoic time, the range 
was ftuhjecteij ip profound 
cr^Qii, and reduced to 
the nondmun of a pee v> 
plain. About the middle 
of the present (Cenc^ 
zoic} era, the whole pent* 
planed region was reju¬ 
venated by irregular up¬ 
lift and warping, but 
without real folding The 
amount of uplift usually 
varied from 1000 feet to 
several thousand icct* The 
existing rug Redness of the 
rjjjgr h due to erosion which ha* operated upon the tejuvenaird rangy 
(Fig* The sjMem iu long narrow mountain ridge-> and vallen 

ha* btfn determined by the harder atid softer r*>i J k formations which 
follow the strike of rhe original folds. 

Owm* anx« HisTDity or Plateaus 

Some of the roost important mode* of origin of great plateaus arr 
the following; £ \) By simple uplift with little or no tilting, faulting, 
nr folding, good examples being thr plateau of southwestern New York* 
am! the Allegheny Plateau just west ui the Appalachian Range; 12) 
by uplift with tilting and some faulting hut with lit Hr nt nr> f<iliiirig T 
an cxcellcm case in point hemp the g-jr-at LViWadn Plateau: and i \ j hv 
the upbuilding of a region by many outpourings oi lava, ns illustrated 
by the Columbia Plateau ol the northwestern United States. Smaller 
plateaus (ur fable laud*) play originate by being. faulted above the 
surrounding country or by anting down the surrounding country by 
erosion, 

Plateaus, ns well as mountains. arc attacked by weathering and cm- 
sion from the very bcgmnuig of their history. Hy maturity, the original, 
more or [css l1at H surfaced arc much trenched and dissected b> erosion, 
giving rise to maximum ruggeduess ol relic!, They arc then often 



Fm, HJnds diagram tHumaiinfr thrrr 

-ej£4*4 ill flir IdtfLcry of ihr m Eddie Appa Eiir.Ub n 
regioa. l origin a I fold* as they would havr up* 
if ufmffecttd hy *rn-d«u; A, pi fitpUua* 
lion of mmLntaiP> to itirfarc AB ; 3. rrjtivclfcft- 
lion of tl-jooo and rrr^Hin tn ib^ p repeal fidge- 
vaUcj auriairf. £ Alter W- M. Uavii.) 
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called mountains (e.g, Cj^kill Mountain^ instead of pi aft am. With 
continued rrtwinn, plateau* become nlttrc tubdurd in ndiM\ ami i fir-, arr 
worn down rlnnlly to tHttirphiinv. Aa in the cast of nm unfairly «i with 
plateaus* the normal cy-dti of topographic development may be inter¬ 
rupted by rejuTOiBrion* 

Oai<uk ash History op Plains 

Extensive plains may originate b\ simple uplift. accompanied bv 
little or no tilting, warping, or folding. A gltfid example is the wide 
Interior Plain of ihe Upper Mi^itsippi Valley which ii neurit every- 
where fr.- than i<* ■ > ten above sea level and cnnsidrrahly dissected by 
rrmion. 

Great plain* may ortginair by uplift accompanied by notable tilting 
a* for example the Great Plain* area which ind ifira downward, from jm 
altitude of J mile or more at the base of the Rudd Mniinmins tn a 
thousand feet nr lc-*s within a distance of several hundred mil* tosh 
ward tTig* i)+ The Great Plnirta arc affected relatively littfc by 
erosion. 

Plain* of great cxrrnc may be formed by cmergr-iurc of a marginal 
sea bottom without notable iaiding, tantfing, or warping, either by up¬ 
lift of the land, or bv withdrawal of the i*a, pj by both- Wonderful 
rxampk* are the Atlantic and Gulf Coastal Plain* r»t fhr Unitr.l States 
(Fig. I}. During rhe uplift. which was ihe prime factor m their 
production, these phi ns wen- tilted seaward. They have been dissected 
considerably by erosion h though many wide, smooth areas remain. 

Wide plains which result from tang-contmired trmim of land areas 
are called pniitfluiits, Many extensive peneplain* arr known tn lijve 
drveloprd during geological time, hot good example* are rare at present 
Willie nearly all of thirst- ot fairly recent origin have been rejuvenated 
by uplift. Good example? t*i snrh upraised peneplains are those of the 
Appalachian and southern New England dbrricis. Such uplifted peitr- 
pinins are he*t classed among r hi trail*. 

Glacial drift surfaces arc often smooth enough for considers Me 
distances to he called plain*. A fine ilUutrerlon b the braid, I!at deposit 
left by the Ia*T ice jheet from cencml iu northern law*. 

Matty fflalivelj small phim are floor* af extinct hikes which were 
bisllr up anrl smoothed off either by deposition of sediment, or by mineral 
matfrr from solution. An exceptionally line, large-scale example ls the 
door of the great glacial Late Agassiz (p k 2ti£) s 
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Riven* form flood plaint by deposition and lateral erosion, anil delta 
plains h\ deposition. 

Plains tuny be modified by erosion, dbis trophism, vijjamkiju or drp- 
cdiimn of mAtrri :ih High, or *wep4 inclined* plains van br affected 
very profoundly by rrntton. Jligh plain*, like mountain* and plateaus, 
vviK-U maximum rii£grdnc& of relief during the maimr *r;ts£o of their 
erofipna] history- l-ow plains. by their very pnsinou, cm br afire ted 
but little by crc&ioo. If ts an intirrcrtfimz fact that an extensive law-lying: 
plain may last much longer without notable change than a great moun¬ 
tain range. 


chapter xiv 


ORIGIN AND HISTORY OF LAKES 

Genihal Fkatuies 

A hit is rh inland body of branding water, Either its water may 
be stationary, or it may have a moderate current through it- Lakes al¬ 
ways occur where the surface drainage is obstructed* Two necessary 
conditions are bavindikc dr press inns, and larificnuit water in at least partly 
fill them. Liked may ron>L*t of rithrr fresh nr -.tit water- Fresh¬ 
water lakes din-ays have outlets. Some lakes are rather inappropriately 
called ns tor example the Dr ad Sea of Palestine. 

Lakes vary in size from dny ponds to sheets of water rovering many 
tboij^-imk Eir sqiiisn- miles, though probably not uvj re than a do-ien in 
the World occupy arras of over injCttK) nciuartt mile*. Largest uf .ill e 9 
tin: Caspian Se;i with m area of square miles. The tttniid 

largest is Lake Supermr. covering nearly 31 .(nn square miles* 

Kakw are known to vary in depth from a fnv inches to a maximum 
of s6i8 fret in Lake Baikal of Siberia. The Caspian Sea has a depth 
of at least jattr fret- Crater Lake* Oregon, with a depth t>! nearly 
3tv*« fret, IK probably tIi? deepest lake in North America. 

Mf^t lakes by far lit! above sea level at nil alrmiiirs up to many 

thousand* of tVri A remarkable case is Lake Tirfc&ca i;irea, jam 

square miles) ur Smith America at an altitude of 12,875 Tret. The 
highest large take in the United States is Yellowstone Lake at 7741 
ftet- I.;ike Tahoe on the Califomia-Ncv.nLi line Ilcs ar 622 ^ feet. 

The Mirffttes of some ktge hikes He below sea level, examples 
being file Dead Sen of Palatine f fret \ t the Caspian Sea 

( — 8 t feet), and tin: Satmn Sen tif California { 249 teen. 

The brjttnmjs of a number of large takes are well below sea level* 
a few exatnplrg bring Lake Baikal ( - 41*** ieet or nwcL Luke On¬ 
tario 1 — 491 fret k Lake Chelan in Washington ( - 421 feet), ami 
Lake Superior f — 402 feet L 

Mi*e lake* in humid rrgiwm have surface innhts. that there is 
tjjually vufHcicnt water to cause them ti> overflow the lowest parts of 


ORIGIN UF LAKE BASINS 


261 

theft basin rims. Such lukr* cortvisi uf fmlt vraier- In and region* 
bkn usually do not have nutlets* btuth liceause of the scanty vdunie 
of ivatcr, ami thr hij*h rate of evAporation. \ ] nn> depression* in and 
regions con Mail no water at alt. while others .. called ftJnjtm, (said water 
mih temporarily* that is. tor greater nr less perintl.t LtJtrr mins ilT- 
repon Jakes with no outlet iUiium 1111 :m'abJ> contain salt *ur dbdhie I 
water. 

M compared to the many millions of year* of the known hbroty 
of die earth, lilies, excepting possibly she largest am! deepest ones. arc 
short-Is vech most of them exceedingly so. This is because: they arc merely 
temporary obstructions to drainage. and are soon destroyed by one or 
more ui si-vera 1 processes as explained beyami in this chapter. 

Origin of Lake Basiss 

Basins Formed by Dias trophism. IJ[ jnuh'mg. Whrn i Muck 
of the firth's- crust sink', or r[ir% idarivdy tu .in adjacent block through 
tile process or bolting, i trougHlike basin mten results There air 
mam examples in rile Great Basin regiem nf thr western 1‘ruled Static. 
A sma!l basin, now partly fitted with wirer, mrmrd in 1S72 as a result 
of 1 sudden renewed movement of 20 to jo ferr along 0 fault near the 



Fir* 2&). Slruniire Wttiort illustrating t\ II- origin ul like hadiis by faulliqg. 

Alien 4nit 'Warner Lafc*\ Orygcu. .Aim Rusrti, l\ S. Crribgie^l Slilvi},* 

base of the Sterra Nevada Range in the Owens Valley of soul fie as tern 
California. Abcrt md Warner lakts ui southern Oregon jit r very 
ty pical ca5*-> of lake* in basins between tilted fault blocks 1 Fig. 209). 

In other ca^es. a block of ran It bounded b\ two normal faults 
may huvr been depressed notably between two adjacent hud masse*, 
pu ing rise to a irmigh-rnnlr basin. An excellent esse in paint is the 
hiisin in the buttons of which lies Lake Tahne on the California-Nevada 
line (Fig. 210L The earth block settled several thousand tect to form 
the buMrt. The hike is 22 itulw lone, and 12 miles Wide, Its surface 
lies h 22 $ feel above !eed. It hu 4 depth of at kast 1645 fret* 
making it one of the few deepm lakes hi North America. lt> water 
rs remarkably dear and £re$b f with ait outlet through l ruckoe River* 
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Other remarkable example* nf fnultbrcuu hko are tireal S» 1 e Lake, 
Utah, turd Dead Sea Wratinr, 

tlj Harping. Warping <i| rhr earth s cn»t through differential inovr- 
me nr jE>o tins caused the development of Lkr hnnura. Part of a river 
Vallcr may be lufficirnth Liirwafped fa vt a* -i dam, '..itiKiug pnilifuig 
of the water. Among trample* ascribed to \m m h a cuijw are rhe hu^iai 
ot Lake Geneva in Swifcstrlandp and of Laid- Timhhntitog in Ontario, 
Canada. Among other large take basins, which at least m pari owe 



Thu jio. A riew inrciM Lake Tahur from ibe Wvarfa ddr if California* | Plirrtn 
b_\ i nirfciV nf Tavern Studiu, Fjhor, CjlilonilaO 


their eshmice to warping, are rhwc of rhr Great Lakes described 

bryond- 

By tint pi f uplift* When a portion of the sea bottom is raised into 
hunt. without faulting or notable warping, there often are shallow,, 
irrcghW, bash-like depressions filled with irate r, “Use water i* at first 
salu but, in humid diiniirr?' ii wait giir» way to fmh water. A 
number of the takes of the southern halt of Florid a, and nf the plains 
of Siberia, art believed to he oi thk origin. Such hkra are very short¬ 
lived t because ut tfieir ■dud lowness, 

Baglas Formed by Vulcan Ism, Grattr lata. NumeruLU lake 
basins are direct re^ulrs of vnlrauu activitv. Many of them mt nimbly 
craters of Inactive volcanoes more nr le** filled with water. Sometimes; 
there are groups of such crater hikes u> m rh*- Auvergne district nf 
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Frame the Fi fe I region of Grttnnnv, ami lire vicinit) of Romm- Italy. 
These are ill I small bn! fcaiitijut, lake*. 

Man> crater also nccuf in Jnrge unrf ^rnall i’raier=. of vol¬ 
canoes in ihe western United Moat remarkable 01 all is Crater 

Lake in [be Cascade Mountain* ut southern Oregon (Fig* 21 tl. It 
parti) Mis -i vast Iwle (oildem) r six id Lies in diameter. which resulted 
either from the r< 4 Up^: ;md suhsideiKT 4 nr llie upper portfcui of 3 mice 
much higher volcanic emir* or from stii|trfidou* explosive activity. 



Ftc, an. A view >icro*i Crater f,.iL. oregcuy i-kcwing Wizard Whind—* r«cnr 
eimler tv«si*. ■ f"bttfn h) nujn-t^ B - trt ikr South-sun Pnvifir I kir^ i 


The lake is ncarfi 2* - - • rcct dwp bring probably the deepest in North 
America. Its *urtnce lies near}) i>:wk.i Jen above the sea. Great pre¬ 
cipitous walls in rink completely encircle [lie lake. It Fins no surface 
outlet, and yet it* water is hcsJt, probably in part because sutue of 

it* water nsav leave by lindn^r.. parage* and in part because nu 

stream Hons into it. The water supply is mainminnl by rami alt anti 
snow fail. 

Lmuhiium foikit. Streams of molten lava may How across cal leys 
ami there tool to form natural dams 1 causing the vallr. water* m be 
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ponded, Thus li gicut flow of lava from SLipmr JokiilL Iceland, in 
17*43, hEitfked a large rivet jml a number or its tributari™, with multani 
development <rT lakes. 

The famous Kea of Galilee in Palestine was farmij a sirtam ®J 
tmva which, m very recent geological time, flowed into and across rhe 
Jm-riittn Valley. e.i,using the River Jordan to be pondi'd nearly 700 feet 
below sen [evd, The water i* because the titer Hows thjuu^lt 
the lake, 

A number of kva-cUm lake* occur in rhe Sierra NVvada and Cnttcade 
Mountains or the western United States. An interesting example is 
Snag Lake in Lassen Volcanic Park. Caliiornb, whose water levd is 



Fig- =ii A vLetrJi dk'-nKihf* hnir a la\ n Him, m ilie ha** of 3 cinder cooe, paired 
acm* a lakt-filM vail*?. kaviuj* d y 4MT tif the jjikt «t earll fill! of rlir flnu F 
This kind m ihiug Ji^ipennit hi LjtMfi Volcanic Nation 11 1 ParL After 
W, VI. DitIilI 


held up hi the very rreem llmv of lava already described as partly 
filling a valley i Fig, 212), 

Basins Formed by Glacial Action, /l y tfacU^irifr dami> Lake 
basins formed hy venous processes u3 tflacsatLun arr tutor abundant than 
tboew farmed m any other wav. Or these, most by hr have mu I red 
from tile deposit mu oi shtcird debris (moraines' in auch manner as m 
obstruct the drainage of valleys Many of the 8r»m or more lakes in 
Muirtewtjt, of the thoutoiids in Wpnuttin, and oi the 1 hot; sands in 
Sew York and \>w Kttgland belong m this category. 

Like Chelan in the Cascade Mountains oi Washington is, in regard 
to length, depth. narrowness, and scenic setting, probably tbr ifttat re¬ 
markable mountain lake of the United States, It t* <xi mile tang. In* 
( lmn two miic? Wide, abcut ijffjo fret deep, mi *ct in a winding mmm- 








ORIGIN OF LAKE BASINS 


^65 


Min caiiyun several thousand [«t deep. First a river carver! m fcl nwit 
of the canyon. ITim great I^mhIs of lava dimmed its lower cmL fontiing 
a ];ikr, Finally a great valley glstrier plowed through tbt basin, deep¬ 
ening it, inul lenvmp .* Iieivy mafainik rtixumuIniJon across its lower 
rml. thilt &tfll htrthrr building up thr it-uis. The present Lite wairr is, 
thereforej held in pLur by a combiimtion lava dam and acinJ nmr aside 
dam. 

Hy if f dam*. Glaciers nay blockade valleys, and thus cause ponding 
of waters, Lakes oi tins LmJ occur ui Greenland. Alaska, and 
Alpn. All example is ■* 4ma.IL Inkr formed where the Grunt Aletscb 
GJanet in the Aljtt slowly flow* past ihe mouth ui a tributary valley, 







rio, 2 si. A lake formed bv blockading s villrv wiih a mrvmime dam, Blur 
Mauittaiti Lake, New York. 


causmjz; a ponding nf wsttr in (Sit- latter A iire.it glacier flows into 
the Copper River ot Alaska, ponding the water there. 

Existing ice-dam lattes are iu>t common. ami tnr, if any of them, 
are large. During the ire Age. however, thousands of them formed 
.tml I a tied only 4 t lonj* a* the ice ifsnret existed. Some of them wet* 
nf vast extent, vaster in fart than .my existing lakes, with the pos¬ 
sible exception nt tile Caspian Sea. 

One nr tIic large?! nf all known ire-dam lakes lias hern mimed 
I.ake Agassiz. It occupied the Red River Valley region nf Manitoba 
(including l ike Winnipeg). North Dakota. and Minnesota- It attained 
* maximum Length of about >oo niilrt. and a width of over 400 miles. 
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ivhrri i* covered u^lwci squAr- m:k,, nr more territory 

than all of The Great Lake*. I’lu lake fomird lieuime thr northward 
dminside iniri JlmEsm lh\\ wit* hlockni h\ rbr Trmtr nf flu: retreating 
ice sheet dm mg -* late stagr oT the Eli Age, The outlet of thh vast 
hike fpttt ^southward into the ftfiadssipm* 

The Great Lukes constitute die im%t rniiarkable chain of big lakes 

in die ivorId. They cover 
vibjiit ■uv* ,p tijLiarr miles. 
Various >tage* in the hi*- 

fury nf the ( ireit I .ykr» dr- 
vckipcd along file retreat¬ 
ing front tri the greaE ice 
>hrvi during -> Lite it age of 
the Kc Ayr. 

/L fi/wial troiion. A 
considerable number or gla¬ 
cial lake basins have been 
eroded or excavated bv the 
direct action of Hairing Ice. 
Smalt rarlr-futtjn fair i ai 
tSl!-. IciimL usually tint more 
than ponds, orreri occur in 
the bottoms ol the drqu* 
h adm at the brails of vj. 1 - 
k>> forme tie occupied by 
Galley glariett, bccaus* the 
r\cttv.iTmg power of inch 
glaciers was the re especially 
effective- Less often, rock 
basins hair been cxcavsttni 
by glaciers further down 
their \ ,ilJry>, Valley‘glacier* 
rocktwm lake? are nn- 
nwTOiH bi par & of rhe Sierra Neva da Cfrcadc. and Rocky Mountains 
(Fig. *14 L and aim in the high mmimairij ot Liirnite. 

Other rock baaing including $mm targe ones, were produced by 
the erosive action ot the great ice sheet* during dir ler Age, Some of 
mnnerDiK lake ba&irK of Ontario, Canada, <pmr certainly belong in this 
category, 

.Many glacial like tmilift owe their criltrnre to a cnmbin&tian of 
erosion and deposition. The t Treiir Lakes basins have already btr> men- 



Fie. ju A mxVJijiim sdanai lake; l-ii« Efkn 
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mint' l! as belonging in tip* category* Among tnant others aw fhr Finger 
Lakes which foitn a wui-i r table _rrnii? in ccntial-vvestcm New York, 

liy irn tfutizr dtfttatimn «f flatutS drift* Many pond. and small lake 
occupy depressions which have nsulred from irregular deptwtion of 
glacial debris I drift u Such basins are merely depressions in the surface 
,ii fhe drift. They ore common in the upper .Mississippi Valley. Sew 
V'nr k a ltd Sew F upland. especially m assuciarion wirli ihr mam recti- 
sutnal morauir.. They ihttn sroni rypicul morainic dam basin* iwt mils 
in that they are cacnplrtclj viir rounded by drifr but alw in thru ihry 
very commonly developed on llut, or only slightly hilly, land. 

Ponds and <mall lake may occupy depressions formed by the melt 
mg ni Urge, isolated bluets of ice which have become buried under 
sediment*. Masses of ice detached in_uii a glacier nu\ have been eov 
tred hy morainic material leri by thr ice; nr *ticli masses may have been 
hunt'd under material washed from the glacier fits- in valley tnins .uni 
Outwash plain*) t or icebergs -stranded in glacini Lite* may have bmn 
buried under sediments carried imo the lakes by streams. Fond* and 
Likes in such depressions art called fit ill kstth takes* They arc must 
strikingly shown on otherwise nearly level, loose, extensive deposits which 
mark (lit site, or former glacial Lkr*. When such a surface is diarac- 
re via td h> many kettle hale., vinir with ami some without water, it is 
called a pith A plain. 

Basins Formed by Stream Action. By ft nod pin in d. i riupmuu. 
We have already learned that graded and nearly graded mere tend tn 
waiuler in meandering loops twer their flood plains, and that the necks 
of such loops are often C«r across, leaving axt-oti lakes like those so 
wonder tu Hv cOhbitcd on (lie flood plain of tlie liiwer Mississippi kart. 

Shallow' basins often result from uneven depotitiun or the llwn|- 
pbin sediments, especially ill the spaces between the natural levee* at th<- 
main itmudi and their tributaries. 

Ily delta tpronth. As a result of uneven deposition ot sediment hv 
tile network, nf distributer if* on a delta, certain shallow basin, are 
completely snmuiN.led by the deposit*, am! thus converted into KKaHed 
delta Mrt. A fine larpr^alf example is Lake Pontduirtrain in 
Lokiisikita. 

Ry nltuviaf i attes. Ait alluvial conr or tan Tormr-d by .1 tributary 
stream may be built fat enough out into its main stream mr vnlLey) 
to obstruct the drainage of die latter, causing a ponding of the water. A 
gtxnl ca*r in point is l ake IVpin which lies between Minnesota and 
Wisconsin. Much sediment carried by the Chippewa River iiHo She 
,VJisst5$ [ PPi has there caused a ponding of the latter. 


26 S 


ORIGIN AND HISTORY OK I JUKES 


By wifi blwiadrs* Mention lihctuUl be made of *rrmm ntatruc- 
Han .iiiil deflection caused by Mi-called nr /Vjuu of tt€t> uni 

logs- Funtitd ifi river*. Tile growth of aucb o raft upstrnim tor many 
mil trs tii rhe Red River uf Louisiana so ubsfrutted it* mhumne^ as ro 
develop a remarkable scried ot small .me) brge lakes along then a. 

IS v tvitirrfaif rr&iiati. Smut I 1 Likc^ Lire sanirt?mm found Ln abandoned 
stream count*, particularly where waterfall* have cvnivatcd so-culled 
“plunge fiasuW' at their basrv fine example* iir fluff fft-Attiin iairt ire 
.frUHoiillc Late near Syracuse New York, and near Coulftt City* 
\\ .LtKingfofT t where bn^i- mere mice fimvesL 

Basins; Formed in Other Way$, Bn vf merttion will be made of 
some oi the other modes of origin oi fate basins, with examples, 

Hi witi'ti and 1 Sturt iurrrnti. WLrii the mouths n! c/tibaymnii.^ of 
either seaor latei are cloved hy the- growih of bars or harriers through 
the action of either shore currents nr waves* gi both roj^ liter, lutes rr- 
suit. Many examples occur uJmig the Atlantic Coast from Long Idand 
southward, and also around the borders of ehr Great Lakes. 

By wind* Wind Action oftrri piles the materials uf bare ami bar¬ 
riers higher, thus causing them to he more effective dmns where 
eluse embay ment* of sea or fakes, Wind-Mmt-Ji *iuul tuny Mo* L sirriuitt 
locally 1 casing ponding uf (hrir wafers. Thi* hiiv often happened iilong 
the xrotfnvt^tem mart of France. Depressions in mm] dune arras .*iimc- 
tiiOCi contain water. WimJ rrosinn may, under exceptional conditions, 
excavate hnsfris in soft rock materials, as in parts ot Argentina. 

By snhitibiL When sink botes are sufficiently obstructed by rock 
debris at their bottoms IKey may contain pomh uf small lakes. Good, 
examples occur in the iicirtltrrn half nf KioridSp and in Kentucky, 

By itdiUdri* Lalra art fumirtimt* tormed where landslides nb< 
struct the drainage m valleys and canyons, panicuJarly in regions of 
high relict, A good example is hie the Kern River Canvmi id the 
southern Sierra Nevada Mountains. In j'8*)2 d great landslide block¬ 
aded the upper Gan go River in India, causing a Like live mils* las*;: 
and hundreds of feet deep* The lake disappeared in about two years 
by a giving way of the dam, 

Sait Lakes 

Origin of Salt Lakes, Salt fiifcfs ate far less common tfian fresh 
Mo, They never h.Lve outlet* Thtv hIjihwi un-imhh exin in at id 
region*, particularly ifi dntintip* r- ninus |:ke the Great Basin 

area of thr western United States jtuin which itw stream. flow inm the 


SALT LAKES 





sea* In mch regions the intake (precipitation and Jnllnw) es ciftrn tmt 
sufFlcEci'if to ra use the take* to iivtxHuw the lowest pi a into of their basin* 
rn lomi outlets, With increase m dryness ot ctmmtr, a ireah lake may. 
fhesefote, begun ir a salt hkt because shr nutlet i* sooner or brer aban¬ 
doned* .vfid mtm ra] mutter, om«l in by breams tctoiltlj accumulate* in 
the water- Great Sail 
Late, Utah, is one ot the 
beit-fcnmvu examples be- 
Irtnging in this category. 

A salt lake may, under 
certain conditions* bceiJtiir 
a fresh lake, Thu* Lake 
Champlain, which became 
detached from the Gulf of 
Sfr Lawiertte by uplift of 
the bud wit ii vjIi lake at 
first, hut the silt h^> sifter 
brtrn rinsed nut through 
the outlet stream. Such 
a, body ui water, which 
w;ts omx connected with 
the <ca. h called a relic 
laic* 

Salt lakes may, in 
short, be formed in two 
way** namely* (r) by ac- 
cmmihtmri tit s.iline omf- 
tcr in [nke* w ith uu Gut¬ 
ters. mid (a) by cutting 
oH arms of the sea cither 
by dia^trcjphiism or by dep¬ 
osition or sediment* psr- 
rfctiUxly m the lomi of □ 
delta. Example* illustrat¬ 
ing these principles will 
now be brietli described. 

E^cantples of Salt 
Lakes, Great Salt Like, Utah, » a hue example of n salt lake not 
ntiJv wW .aline matUf h:is accumulated by concentration til rough ex> 


FlC- lrj. Map of Ureat Suit Lib amt iti vast 
frc*b-iwater ances^r, called Lnk« Homimllc 
^hailed)* \ After l. - . S, GtnJiigtcil Survrj.'! 


ceSKive cvnpnratiom bur a bo wfiw aiK L e?f«n' war u jit.^h lake. As aU 
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rrad^ mentioned, it occupies flit 1 lowest porticifi of tTic- surface n i a vast 
do wnsu liken fault block in the Great Baffin region, It covers nearly 
20to ^quiiie Tinier and its surface lies 420O tcet above sea lcvcL It 
Is mmirkjiblv shallow, tfi- y w 1 r j 1 r*t depth Ixing oidy 4^ in-t, 

h is neatly live tinvtv a* v:!r- els the ocean* that is, it camn about 
dghtron per cent of saline maift-r "ti *olutinf>.. li onfitains irvcra! fail- 
Jin ns m ions or common table suit and hinJirds of mi of ttins 
of salts 10f stub. nisuznesiiE, jHirash, limr, etc. Very britHv stated, the 
Mstory ot tlu- 1 ijlLc i& us lull aura t when the climate waJ merbter the vast 



FiCn ai^r Laht ftnimrvHk "hflrrltiw* tH* Oqubrh Range wm *iF S;iEt Like 
City. t'Eali tiijm-i'ivrlj l«u t* let ran * were lurmcil b$ Maw jcOhjii titering, 
the iffvrrfi lijg ■ ■! ihir laLft ■ AlEcT ti. K- c-iilbrtl. I. , S. timlngu jl SufTrs.j 


basin, now nnij partly ocnipird by thr lake, wrjv fillip] tti overflmvmg 
mth (rrsh water ' Kic- 2 1 * \ This great Jab. cal Ini Lake Bonneville, 
was about two-tin rib the *i?c or Late Superior,, and its putki was 
northward into the Snakc-Columbia rivers. Luke Bonneville had a 
maximum depth of over lODu feet. As the climate became drier, evap- 
oration exceeded in take, and the outlet was abandoned. The water 
level fell. though line unifomdy, and the lake became mnrr and more 
salty by concent nil Ion of saline matter carried in by *trrams. Great 
Salt Lake is hut a shrunken mnnanf of its vast ancestor. Many shore¬ 
line features, suck as bars, beaches, deltas, and wave-cut cliffs, marking 
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various level* of rhr lowering waters of Late Bonneville, are wonder- 
fully preserved around the sides of the basin i Fig. 2it}). 

The Dead Sea of Palestine lies in rhe lowest portion of the Jordan 
Valley’ which was 1 untied hy the sinking of a long* narrow block of the 
ruth’* crust between two nearly vertical, parallel laults. It covers an 
area of about square miles; Et* greatest depth k about feet; 

and eh surface lies about l$i*> feet below *ea Irvd, making it ill*" lowest 
lake in the world* Approximately 2+ per rent of salts, chirpy eh In ride 
of magnesia anti common salt, are in solution m its water. The Dead 
Sea \h hut a remnant of a once much larger [ fresh-water 3 lake which 
had an outlet to the smith, As [he climate became drier, exersstve eva¬ 
poration caused the water ievd to lower mure than a thousand feet, ihar 
is, to tile present level of the Dead Sea, The salts in solution have Iwn 
concentrated from the fresh wafer bidnght in by the streams, especially 
by the Jordan River. 

Df^ttacTin\ of Lakes 

By Filling with Sediments. Tim is one of ^he most cm mutant 
methods of lake dt^rnLction. Some one lia.% snid that <+ rivm are ifie 
mortal enemies oi lakes/" Alt surface waters* especially streams* Haw¬ 
ing iniu late? cany more or less sediment with them. Must of the 



Fit;. 117, HnrisefitiF nf thy vshirh vitfv dtpotfrfd in a Saif burtdmlt 
uf icfi drepr Vhi blc evaporated in a l>rioy mid lie in thr Injitniu el the 
drscri biMsfl. SearU-n l-is*v Busily California. 
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^eiiicnent accumulates on chr doors uf the lake* because the latter arc 
such excellent setting bwim m already explained, Lake hasm* may, by 
tins pfuefe* alunc, be oqtxipktel} tilled. ami the lutes dettrDved. 

Many lake*, partfeulurl) those «! arid region*. rtcrive mote nr Jess 
wind-blown >edima;k In rjni n few case* i-TfitraMHivc* nmiumktiuiiy af 
volcanic dust have formed in I ike*. 

Th* materials eroded by wares along lake shorts ate mostly deposited 
in the Likes. .Although such erosion enlarges the areas ol lake badfH* 
nrvcrtfrd?&» their water* are, on rite average, itriuLK made shallower 
because most of tht tniErriii] eroded And dcjxtfitrd mnsei tram well 
thrive the hike k\rk 

By Filling with Organic Remains. In humid,, remprarc-cInnate 
rcgjijtts. many small lakes have been, and art: being destroyed by accumu¬ 
lations of vegetable matter, shells, etc. Plimts usually grow in great 
profusion in file shallow* border portions of kites* % the plants die 
fheir reoiaaiiS HimmmJ ate to form bogs which, in many ca.^e>, have en¬ 
croached from til sides until |akt> turn- been comptetcl) lilled. Thou- 
sands oi old lake bogs rscenr in New England* Wisconsin* and Minne¬ 
sota. 

Certain plants and juiinwb see reft shell* of carbonate of Jimc, and 
others like single-celled diatoms vccrvte shells nt silica. In many Into 
these shell* anr deposited to such an extent as tn appreciably nid in 
hike-rilling. 

By Cutting Down Outlets. The dams ol many lakes, particularly 
theisr formed £>i glacial deb ns. often consist of suds Iuum-, ntcohsmil 
materials that outlet stream* rraiHIy cut down into them. Be this proc¬ 
ess, kike *qrtace may he :educed sTeidily until rhe loivesr level of rhe 
Jake basin is icached. causing destruction of the lake. Cutting down of 
outlet* hz* been an important factor in the destruction of mam bites, 
especially of glacial lakes in regions like New England, Nnv York, 
Wisconsin, and Minmsota, Of course «f should hi- borne in mind that 
cutting down or outlet-, filling with vviiiment, and filling with organic 
remains ma> procred rirhultmiitj-fejsly- 

VVhcic rhe dints consul ul relatively hard rucks* cutting down of 
outlets proceed* very slowly because nutlet stream* are tisuajjv very' 
clear water whose erosive power is flight- This is true even of I urge 
rivers like Niagara and the hi- J . nvrericc which have scarcely lowered 
the surfaces of the lakes they drain, 

By Removal of fee Dams. principle is illustrated in certain 

regions of existing glaciers, as in the Alp*, where a glacier, causing 
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pntidiflLT of water h> blockading a tributary vaIky, may shift position in 
tiidi ji manner as to djmv etcapr fif the water either under or alongside 
thr ice. 

Mjny ior-datn lakes, including; some of great sJzc 1 were either com¬ 
pletely, or largely destroyed hy melting at their dams dor mg the closing? 
stages oi tile lee Age. Tire once vast I .ate Agassi?, (already described) 
was destroyed itt a similar manner, only rrmjirtiiEa being Jdt < eg. Lake 
Winnipeg). 

By Evaporation* Tins is a wry important method or lake destruc¬ 
tion in and regions where evspuration m ay exceed intake. Many oi 



Fax 11SI. An extensive field of rouith. diriv &alr lefr in a ilrwrt basin 1 >ibw 
IfycI ulrcr □ lake fvjjflirard. Bonitm of Pemli V alley. CalSforaia* 


the depressions in the Great Basin region which once contained lakes are 
now dry. or nearly so (eg. Death Valley). Others now contain only 
small irmmuir^ of orate large bodies of water* as for example the great 
basin of Lake Lalnmtart in western Nevada with fix Pyramid Luke. 

By Diastrophism. Ponds and small bikes art- smicrtme*; drained 
through fissures which are formed during earthquake disturbances* 
Lakes, especially larger ones, may be partly or wholly destroyed b\ 
down-warping 01 down-faulting of their outlet area*, but act u a I eS- 
attiplr* seem to be rare, It lias been recently advocated thai the great 
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|wt-Gi«iil lake which once lay in the Connecticut Valley of New 
England disappeared hy down-warping of it* outlet region. 


Extinct I.akf.s 

We have just explained the mo*t common way* by which lakes are 
destroyed. and cited some examples- Among the more important criteria 
by which the sites uf former Jakes may be recognised are the following: 
ii) [fa fake basin lias hern complete!* titled, and since Then little 
affected by erosion. its site is marked by a flat consisting of characteristic 
lake deposits, practically free from bnuhlers. Such deposits mav be 
sediments, urganir (bog) materials, or Niltlake mineral deposit*. 

(2) Basins oi larger f*mJ* and lakes, which were nut completely 
filled, very commonly show deposits of coarser sedimmts, usually in 
delrsts and coalesced deltas, around their borders, and finer sediments, 
such as days, farther out. The border deposits rise everywhere uni¬ 
formly, miles, stihvenuently affected by d last ruph ism. to about (he former 
levels of the standing waters, while thr finer sediment* lie. it various 
lower levels, depending upon the topography of the bke floors. 

( t) In contrast wirh stream deposit*. lake sediments (especially the 
finer materials 1 arc usually much more uniform in character and struc¬ 
ture over wide a rear.. 

(41 In addirinii tn deltas, other shore features, such u wave-cur 
cliffs, beaches spits, and hart, .ire often wonderfully preserved. Th» 
is particularly true in arid region*, as around thr shqrr* nr former 
Lake Houncville. Utah (Fig. 2161, hut they are alw often well ex¬ 
hibited in humid regions, as around the shores of the once great Lake 
Agassiz. 

j it | Fossil* often prove that deposits were formed in lakes because 
many forms of life ir» lake waters are characteristically different from 
those of sea water. 
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CHAPTER XV 

GENERAL PRINCIPLES 

What HiSTOHiCAh Geology Teaches 

HilTORiCAL GEnj ocy deals with the record* of events of earth his¬ 
tory and with tht history ^pui c-voltittnfl tit plants and animaL or pmt 
ages. try object is to irran&s* rbr event* of earth history in thr regular 
order of then occurrence and to interpret cbrtr fljgmficajKft+ The his- 
rnrical records are preserved ill the rods of the crust of the earth, the 
layer* (nr strata) oi which have hern likened to the feavw of a great 
tvrt>k. AI mum pUrt the panes of thi* vast "namre Krijk” contain re- 
markable records ami illustranVmi, while others they are company 
rively barren. As a result of the work of fimriy able students nf geology 
during tile hst century and .1 half, it has become a thoroughly estab¬ 
lished fact that nor planet has a definitely recorded history riEiTniiisr 
through hundred# of million* of Vttrnj, and that, during the lap** of 
those torn, mom revolutionary changes in earth features have occurred, 
nod also thar there Iuls been a vast mvrvjinn of living things which, 
from very parly known time, have gradually evolved from slmplr m 
more ami more cample* forms* Here, as in all nature, ceaseless change 
is 4 card ilia] principle. 

1 m ofdrr that the reader may at the outlet form a better general idea 
of the tcope anil nature of the uihject. the fallowing itirnmary of sotne 
oh rhr mote important conclusions derived from the ituJv of rarth his¬ 
tory is here presented, 

1, Thr lujt rtf ihr tank must hr mrmurrd Aj hundreds *f mittfans 
of ytars, 

2 « The phyTud of thr earth has under $r*nr many threat 

find mud! rhrttttfrt dunn# feefapitd time. 

j. AIL or nntriy alt. of thr turfnrt of thi lithoiphere fttti as same 
thTit. or iiirtis hem covered hy ten uai/r. 

4, The fonfinnMf tverr roughly outlined in airly groins nine. 
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During ffrnhgif Jfm# then hm hen a gmtrvl tendency for the 
.(rmineniili mass a in k+iumt higher and grander, 

t>. Organisms in habitat the earth hundred* of ndltioni of ymr$ ago. 

7, Ufe omt ifair fed frill nrmr t'rrtjfd Id rxbL 

$. Thfvtigtmitt the inotvn history of the earth or pants rm hour eon- 
lifitiuuily * htstt$+tl* 

9, Thr iltnngt in organism# hat brttt pr*grtt$ivt. 

10. 7'fri? rvoluthn of tiff has not bent uniform* 

11* Nt 1 species one f extinct has n p cr reap paired* 

\ 2 . fl hlU higher *smi high* r types fmvi ba n developed during 
gruhgu tint*. many of thi sarli** and si/npftr type 1 hnv* persisted. 

13, the brtiuier " r farmer bio fa find tf* r *upi of nrgttnuim hove fre^ 
sis fed frtftgrr than tin ratal ter, 

14. The fife hit tory of the individual inn fa in recapitulate the evolu¬ 
tion or history 0/ the met. 

Fossils and Their Significance 

Ts^icm nr remains at plant* and animat* preserve] in the rtickj -ire 
boa-n a* |msiIs. The term originally referred to anythin" dug ©lit at 
the earth, whether organic or ijinrganic, but fur funny year* it brts been 
strictly applied to organisms. I’iilrOmotogy, which litciallj means "sci¬ 
ence uf undent life/ 1 deals primarily with h^sSIs. 

Though rnmii thimunndfl at specsn uf fossil* have been described 
JTirrn meb or all cKtftpf ihf vtt\ nhh >t. .if id nmff jm? iTiiistantU 

bcinj? brmiglif to tights it nmst be evident that, eveti where conditions 
cjt hroilizattun were most favorable. onl> a small pilrt of ihr life nt nny 
period is represented by ifcs fossils. Comparatively few renin ins nf 
organisms now inhabiting the earth Arc being deposited under conditions 
favamble for thrtr p reservation as fossik So Et lias been throughout 
the Long per rods nf earth history, though the fossil* 111 the rocks known 
and unknown .irr- ,1 lair image oi the gimipt nf organisnu to which 
they belong. 

Preservation of Fossils, i, Ffesrrvatim of the entire organism by 
freezing* Fo^lizstfef* by this method is ram thniigh remarkable ex¬ 
amples are afforded by extinct specie* of the tnamimths ami rhinixcrasca, 
the bodies of which, with flesh, hide, and hair imact, have been found 
in frozen soil* in Siberia. 

a. Preservation a/ only sht hard parti af the titgnnismt, Thu n 
yerv common kind of fossiliKatron in which the soft pom have dicap- 
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|by drcnmposmnn, while ihu hard parr*. inch ;is bones, shells, etc* 
rem a eh. Fopitli of ifiSB kind are abundant in rocks of later geological 
time, though original shell material is frequently found, even 10 very 
ancient rocks. 

j * Ptfsenwdun bf t tfr/tofl nnly (. dr h n nzzatinn ). TJlif ls p art icuI a rl y 
true of plants where, iu a result <0 > 3 nw chemical change or drcwmfiosi- 
rinn, tliL 1 hydrogen and oxygrn mo?Hi disappear. leaving muih ui Hie 
carbon* bur with ihr original structure often beautifully preserved. 
Maiiv excel lent examples are iunndteJI by rhe iussil plums (if the great 
ctial (Petuiiytvariiari) age. 

4, Prticnwtfon r+/ original farm only {autt wro/ Fossils fif 

this cks*, which are very abundant* show none of the original material* 
but «inly the shape or form has been preserved. Whi n a fossil herermeg 
embedded in material, which hjirdcrrs around the entire organism or any 
part of it, and the organism rhen decomposes or draft! vr* away, a cavity 
only is hr ft and this called a mold. Fine example- Are the perfectly 
preserved imm mold* in ihr amber of tile Baltic Sea regims, 

^Fhi ni amber is- a hardened resin* the fuseets having been caught in ii 
while it was. still soft and exuding from the Tree* millions of year* ago. 
Since then the insect material has almost completely dried away, leaving 
the molds, A cast mas be formed by filling j mold with some stib- 
stant? such as sediment or miners I matter eanrird by under ground 
svHier. or by fillfug a hollow orgnnbm tike 3 -hr 31 with ^mir solid 
substance. The cast reproduces the internal form of the shell or 
organism, 

5- Prrwrtulifan of oripin&f form md ttntctttrt tprfrifacthn)* When 
a plant ur hard parr of tm animu I has been reptucrd* part icle b\ particle, 
hy mi nerd matter, we have what is called pmifuctHin. Oitrn organic 
matter, such as vrand. or inorganic matter, itch as L'arhnmnc-nf-livnr 
sbrll, have bens s«i perfectly replaced tkir the original mmtitc structures 
art preserved a* m lift* 

6. Rrtmminn of truth of anhtmfs, Footprint? of animats* made 
in moderately sotr mud or sandy mud which soon hardens and becomes 
covered with mo re 'sediment, are especially favorable for prvy/rvatinn. 

Rocks in which Fossils Occur. 1. Ldtui drfiadn* Old nib, 
peat-bogs, cave deposit^ u-imM>lmvn material, and even interglacial 
deposits often contain I .a vis rarely contain tussils, bur volcanic 

ash deposited in Wilier may be rich in organic remains. 

2, River end Ifih deposits River Jcpc&i ts often carry river form* 
tfienwlra* or land forms which fell futu the stream and became rn- 
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tombed in its deposits, Lakes offer very favorable cumlitinm lor Jussili- 
nations 

t. Marint Jrftotitt- By far the largesi number anil variety nf or¬ 
ganic remains are found in rocks uf marine origin, bwiirse on the sea 
bottom the conditions for their preservation have been most favorable. 
The distribution of fossils in strata of marine origin is, however, ex¬ 
ceedingly irregular, ranging front those strata which an- almost entire!) 
made up oi fossils to others which nrr nearly barren, Many conditions 
have produced great diversity in rile distribution of marine organism? 
throughout known geologic time; temperature, depth of water, supply 
of food, degree of salinity, nature of the sea bottom, clearness of the 
water, etc. 

Significance of Fossils. It would be difficult n, over estimate ihr 
value 01 fossils in the study of earth history. They furnish most iiupor* 
rant evidence regarding earth chronology. ancient geographic and cli¬ 
matic conditions, as well as a basis for a proper understanding of the 
evolution, relations, and distribution of modern organisms. 

'The materials with which the paleontologist must iteal arc the dead, 
unchangeable fossils, dug lip from tile melts of tile earth’s crust, bur the 
problem* which arise from the stud) of these materials are far from 
dealt, being filled with living interest and giving vitality to ihe whole 
field of historical geology. These now defunct fossils were once living, 
growing organism*, which were associated together in innumerable 
fauiUiv which lived in all portions of our earth which followed <mr 
another in almost endless succnsinit from the carlirn revurdcil period of 
geological history to the present time, and which were adapted to all 
sorts of environmental conditions on the laud and in the sea. {S- 
Wcllerl. 

I. Earth ckronoit>W' In any given region the best way to learn the 
relative ages of the stratified ruck* is to determine their "older of super¬ 
position/ 1 the general assumption being th.it the uldcr strata underlie the 
younger because the underlying sediments must haw been first deposited. 

While this is a fundament*! method, it is very limited ill its application 
when used alone in regard to the const ruction ot the whole earths his¬ 
tory. The succession ot strata wen in any one locality or region repre¬ 
sent* uni) a small pari uf the eirth's entire series and this, taken in 
connection with the fact that the lithologic character of strata of the 
same agr frequently changes, makes it dear that "order of superposition' 
alone will not suffice ro determine the relative ago of sedimentary 
rocks on a single continent or even large portion of 3 continent, nut t» 
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nientifiri the utter icutdt'qwacy of the method Bbcw applied to comparing: 
the relative ages or siota «l diflcnmi continent!. 

"Qrftr of snpespoitirian/" htxtrevcr, when nurd in ctwiiiectson with the 
fossil comm* of the strata* furnishes os with the method nr determining 
earth thmnolugv, “Life* fitter its introduction on The globe, has gone 
^in ad v miring. divert ft mg, jind rmitmunlB rising; to higher am! highrr 
phurrt. . , « Accepting, then, the tmdoulucd factor the universal change 
iii the dmiiiLtrr of the organic beings which hai r fuccvstivtly Jived upon 
the rarrh. si follows that rocks which hive hem formed in wide!) 
separaced periods or rime will contain markedly different fossil*, while 
those which ait laid dawn more or less contemporaneously wifi have 
timffai fussils. Tins principle enables 12 s to compare and correlate rocks 
from all the continents and, in 1 imerai way. to arrange the cvtnrs of 
the eartltis history In ch miming real order* - * * A grologiail throfjologY 
U constructed by carefully determining iir^r of 33.11, the order of super- 
position of flic stratified rocks, and next b> learning the tnssifs character¬ 
istic of each group of strata/' 1 

Put the ijetrttn in arson of geological chrowolijgy. certain organisms 
are more vain able than others, the best being those which have had 
wide geographic dktribijtiim ami short geolngic rime range, 

2. Pott pkysittti $rik$rti/khy i*itdimnt* Ti picul stratified rock occu¬ 
pying any region provrs rhe former presence of irate r over rliEir region. 
By the study of the hmaih we can further usually wU whether the water 
Was ocean or lake, fresh nr open fie:t or arm of the i=ea. deep o t 
shjillmv, clos* ro or fur fmm hunl, etc* lithologic character alone qjjv 
give some idea as ro the depili of water And proximity tn land where a 
given stratum w:« dcpnsttnE but the presence ol eonidrrablr iiumb^r-i 
of terrestrial orgumc^m^ gives impomnr Additional data. Thick time- 
stones filled with lossif corals poinr to tong-conHnurd conditions of clear 
sea water. Tree stumps, ou the other hand, with roots still in their 
orighuJ position, plainly prove a former land surface* By means of 
fottik, many land .ireu* have been proved to have existed as effective 
barriers to tnigsatiruis of marine cjrgawmm. 

j. Pml rlimtotic co/j/fitionr. Some strata afford an idea of the cli¬ 
matic conditions under which they weir laid down. Thus salt and 
gypsum I«U* more or Itss associated with certain red sand stone* Or 
shale*, indicate aw arid climate at the time of their formation, Bur 
the itiidv "f fossils h much more fruitful in this connection. Certain 
strata in southern England contain fostil palm&. gourds crocodiles, ett, 
3 W. B. Scati: , 1 * IntrtdutfuiM to Gt&byy v and edition, pp, yii’£ii T 515- 
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thin proving a subtropical climate mr the time of their origin. Oilier 
sefftra, representing :i later dale in ■shiu tlhrrn England. carry reniairis uf 
Arctic omnia I t and hr lire indicate .1 £0 Id climate for that time. 

Much strong evidence for climatic: conditions over various portions 
ot 1 he earth during iliftca ctit geologic periods has been furnished fay the 
study of true marine organisms. Certain kindt of coiaU live only its 
shallow tropical seas, and so, ff in any region, we find a bed "if lime¬ 
stone ficti in corab of this kuulL it b to he interred that this limestone 
was formed in warn. shallow sea water. Such corral limrttune* are 
known even in the interim- of North America* 

In dedudng climatic mferciii^, is above cryp] lined certain care must 
he exercised. tvetpnm we arc out iuatmnd in assuming (hrat because a 
giver species now inc-s under warm climatic condittnns, every -sfin:ir* 
ri the same perms has lived nndei similar oindiTinn*. When, however, 
we arc ded™ with species stilt living:, or in older rocks, with whole 
groups of ntganktra pointing to certain ditnHtEc conditions. we rare rea¬ 
sonably tair hi our inference*. 

4* Evbhithn 0/ Lift . lr 11 * wrrll established fact that, a* geological 
time went on. both plants rand animal* gradually evolved and* as a nile. 
became more anti mcnr complex in rheir organization. Smgk-ccllnl 
plants lived in Archeozoic rime. Even as far along in geological tbie 
■.if the early Fufonwftfc rr.v there Were no land plants and only inverte¬ 
brate .inimnls, most];, of Imv-ojdrr types. By middle Palrnw>!c time 
sndteHS lajnl |d rants nod low-order ftcd-bcaring plants, including. certain 
types of trees appearn I. \lxmi rho -ume time low form* of vertebrates, 
such as .primitive fishe* hail been evolved, Jti the IfltiT Pal™roii\ am- 
phibians evolved from fishes, ami reptiles from the fltnphiblans. During 
Mrwp/ok time reptiles dominated animal lEte, and birds and mammals 
evolved from the reptiles. Laic tu rhis era the Erne Amverfng plants, 
representing the nw**f aiajpkv rami beautiM farms of plants, made tfseii 
first appearance. During ttr- Ono/ok era plants and animal* gradually 
became mote and more Eriodernizcd. SI amnia l> dominated the animal 
world, and man evolved from ihe primate stock rat about ihe beginning 
of the present (Quaternary} period. 

5. Relations tmd Difirihutiim 0/ Alftittm Orfanhms, It is evident 
fhar K 1} we are to properly understand the pmem-thy rclniuuis and dis¬ 
tribution fit cirgtmtmi, wn mum L-iun about tlniir ancestry and history p 
because all modern plants and iirdmaU have drarejukd diirctb from 
ihose which lived in earlier gm!ngk epochs. In many cuscs existing 
plants me animals, notably different in structure, can he traced back m a 
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common ancestry, Again- certain peculisritiV in the distribution of *omc 
03 rW present-day animals are ieadih explained in the light of tli-rir 
Tujjii; ancestry And habitats. A good example is AuAtndia, where prac- 
ricmUy all of the prcscii'nlay mammals f birring those intnoducfiJ b} 
mui) arc Ihi very simple types* dint <*, non-placusiitaU inch the k-inga- 

rnfi, ant rater, etc., round mill m and elute to Australia, surd winch 
Mn dearly much more lake dir in*rrtnmli n- tlUtiualy earlier Ctnlogic 
time than hkr epical rnsunmab of the present day. I he explanation ts 
that AiEitraha was separated imin Furasii In-rnrc the higher « placental) 
mammals had been evolved, and that rhe very different, or probably 
much hss --verf, struggle lor existence Lri isolated Austrilh ha 1 ? not been 
favorable for the evolution wt pbcenrali aa was the ea*e elsewhere. 

Rock For motions 

Nature! and Naming of Formations, R Stratigraphy is meant iliar 
branch of geologic science vvludl **m ranges die rock* of the earth r s 
crust in the order «f their appearance, md interprets the sequence of 
events flf which the* form the records' 1 l A. Gelti*)* All fttatifird 
rocks may be subdivided into formntwttf nr groups nf ?iraia s each of 
which is marked cither In a chant re risric faciei or assemblage of lossife< 
or, ru greater or less extent, hx shniloritt of IttlxiEngic Lor rock) ica- 
ture*, or hy both. A rock formation is generally considered to be a 
Trappable unit, that is its urr.t tan be delimited upon n geologic map. 
Subdivisions of format ions are usually called iurmbn?., 

“The thickness m a formation or thr length of time it may represent 
h not an essential feature, A single sequence might conceivably contain 
a formation thousands of h/ct thick and -uu«th ls out* a few !ect thick 
Thr llr*t might contain members each rnmn times thicker than the 
rntire M-corid formation; or th^ second might hr divided into Mrvrral 
member?* and the fir-^c be undivided, . , - In naming Inmiritirins it Is 
the most general practice m adopt a geographic name derived from a 
"type locality 4 ' where tlic formation is present and sufficiently well ex¬ 
posed id constitute a standard of comparison. In practice it not infre¬ 
quently happens that Aubfietpirut work rci'rals hrTtet or mare complete 
expo--ore than the tvpc Walif;.. nnd mvntT'f is hnd to this .i* t|it actual 
standard rather than m thr tncfimrat type locality. The geographic 
name sclccrcd is combined with either :l lithologic term if the formation 
is predominantly of one kind of rock, nr the word 41 format inn," if no 
single term is appropriate, Thif yield* names like Dakota lAndston^ 
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Trenron limestone. Austin chalk, f jcnrsec -dialc, Navarro formaTwin 
Dunk aid formation* and TVjun formatmrT (J. R< fireside). 

Distribution of FormaliotifL The diritrihuttnn of n form^nn in- 
?olvn thfec cuiisidcritiam; r t i arrual <jurrmps of thr? formation, f 2) 
[hr existence of the formation where Concealed under other r oc ks , and 
(3} where it was once presetst but has tarri removed bv cruiion. In 
the first Ciae, m dealing with arr&Lvf outcrop* of j Lk-JtikI: fnrmatian t if 
often happen* dial either a -small or Urge area comprises a lUiglr, bare 
ncpri*ure of the rocL More often* however, enough outcrops in an area 
project through n surface cover of Uhisc, unconsolidated material, such 
a* soil Of Alluvium, to make it practically certain that the whole bedrock 
of the area consists ol a single formation, tn the second case the problem 
is morr difficult, but there are often \va\ i of telling that a formation 
exists in "smiill or large bod if* concealed tnidrr other rocks .vs much as 
hundreds for thousands I 1 of fort bclmv the aurfoccH Thus m mitcmp- 
ping formation may hr seen To extrnd into the earth under another for¬ 
ma tion; nr the form at ion may be »*en in one or tnorr in in in g shafts: or 
is presence may br proved by exam it ting the rock materials brought to 
the surface during ihr drilling of wells, many of which are thoutmcU of 
feet deep. 

In the third case the problem k t-CjJI mure difficult but, even ?o, sur¬ 
prising result raiv often be obtained. Thus in Figure 210 it is evident 
that part of the pile of strata fS)* (say 1000 feet thick J formerly cx- 



FnV 317 Structure mtlon m chrsw henv ;i pik .if marine -mia *S) formerly 
(vrrJldrd Eo the ri^hr uver the old M ijOj wr lc*> 41 iEldicsU'd by iht 
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tended to the right f«qr to miles) over the old land (O). more or less 
ay indicated by the broken lines, but has been removed by erosion. Or 
scattering erosion a I remnants of a characteristic rock formation may 
prove that the formation once covered ihr whole area. 

Geological Maps, Sections, and Symbols. A geulnpcal map <hows 
the areal or surt-nr distribution nf rock formation* orders of formations. 
Such a map u*uttlh shows thr areas of bedrock formations as they would 
appear at the surface, were there no superficial covering rjf loose^ itico- 
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herttif materials, such as swamp deposits, etc The superfinal 

materials may be represented nil ^ feparafr map, or lay mean* af a special 
uver-redor or pattern rm the bedrock map, 

The difttribataon of each formation or set of formation* is repre¬ 
sented on rile map by a certain coW or pattern. At the border ot the 
map there Is a so-called kgtttir) which k an explanation of the colors 
rjt patterns employed, lei the legend dir v a nulls formation* nr sets ot 
formariom Eire Arranged in tegular 11 riler of age, with die oldest at the 
bottom. In many eaacs the -mrleicc distribution of fotmatsoiu., as shown 
on a geological map, gi% r? no real indication of the actual extent of the 
formations in the crust of the earth. Thus extensive formations which 
have been notably tilted or folded may appear as only narrow belts at 
the mtfwfe l Fig, 220). 



Fin, 210^ Sketch map thmvijig tt itruetare section st the frotit, 2nd 2 tmidicspr 
beyond- -.Aher V. !L Grriugieal Sarny-> 


"In difti, canyons, shafts* and other natural and artificial cutting? 
the relations of rlir different beds to one another may be seen. Any cut¬ 
ting thur exhibit* dmsc relations is called .1 sect bn, and the same term 
is applied to a diagram representing the rclariuife. 11 ie arrangement of 
rhs rucks us the earth as the earth’s structure, and a section exhibiting this, 
arrangement fe called a structure section. Knowing rhr manner of for- 
matsoEi of rocks* and having traced mi t the relations atiKUH? the buds on 
the surface, |br geologist can inlet their H'UftVc positions after thei pas* 
beneath the surface* and he ran draw serriftm re presenting the structure 
to a rmassilrmhle depth, Such * section u ilhiHriiTrJ in Figure 1x0. I*hr 
kinds of rocks are indicated bs appropriate patterns of !itirs ? dnts T and 
dashes. These patterns admit of much variation, hut those shown \n 
Figure 22 1 arr used to represent rbe commoner kmd£ of rticW i U* 5 * 
Geological Survey.) 

A columnar ■ectiim toiuaim a concise description of the formations 
which netiir in a large or small area .is they would appear it all piled 
up in one locality in order ol agr and in undisturbed condition, Such a 
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wet inn involves a ^itumiiar diagram which shown rhe kinds .1 nd nrHer 
ul superposition o i the runioilmm. ^jj^I shta no rtihr-i side o i rh-- din- 
grim opposite each lormniEoii &imii£ its thickness, description, :ikv, and 
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mu&Uy its name U T g. Fig, 2$2 k Original structures, such a^ immn- 
kr unties, ure nttfii shown, hut subsequent structures, mch .it folds and 
butf>, arc seldom represented. 

Correlation of Formations. By roTralatinn of funmetinns ss meant; 
the determination of the age equivalency or practical equivalency of 
tuck gmu|B m formations, in vnriduA parts of the earth* 

The iEudent should bear an mind tlm strata cannot br determined 
*u prerkch content r a iirmis. brcaiiv.' gwihigk time Jus Iwn vr.ry hitg 
usd t! 11 : t-. - 1311 r = cii i ni m vriv slow and iihsw^r i-Muith umilur 

oiay he expected rn showing ail 3 j|«f■ rfificrenfe of at kaal 

soeiu: thousand* nf years. Also, ait anj given undent rime nf earth his¬ 
tory. as now. orgamsttis were not the same in adl parts of the world* so 
that rocks formed at exactly the same time in different part* of the 
world always sdmw certain differences In Imsi] cojitrat, vV compand 
with the vast length of geulngit timr, fsuwevrr, praetkai vmtcmpon&ncity 
of the strata cart usually he determined. 
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For the determination of geologic i-hmimloeri tferttin organism* art 
mote valuable than others, the best being those which ha\r had wide 
geography diatnhi.nnm And shurl geologic range. For example nHirim 
nrgjuiistigs- which live near the derail surtite lso-culled pelagic tiirmsj 
mid .irr ciHily distributed r widr l-, while. it flic same time, the 
species ire cxritm far only n cavdfntnlively diort time, are the bt^i 



Fk J 52 , A bluet iliagcam u( fuHt uf ihr i-Lirrh * cn\*t Trith tilln! ^n:i li {!■ 
lutifaHfv crrnxCatioit nf Surfimi^i^ by wiiiimii^ \tmt A im E as 

explained in ihr fcexi. li a|w show* »itrtace diJtriluiiMii n? various "xnniimmi 
4isd uuh&urliicr illiO ibulimi in rhe tfrlicEiirt tertian* a I tmn aJirl TTglil ttalrh 

chronologic indnliors nr iWr* friirA. The grapluittrs o) tlir earlv 
Psleomii: era fiimj-ti rxcdkm iltiistmtoim. 

In general the criteria of lorixhtbn dun h- divided infn two claws 
namck geologic id lphysical i mid paJeontologicnl tbialngiol'L 

L CiEulogil-al I hiv^ecap 1 criteria, Id mawy cases iommtion? 
tarry no iafisil* ur very few, ami it l* then necessary Eo orrk mentis oi 
Corn 1 lut iwii without their uni. None of ihe geological (physical) 
method# can, however, Iapplied over wide aren-* mch a- opposite sides 
of a continent or different coniintEiTn. For such wide corrHaribiw, 
tcrcji derived from a study ol fossLis only carl be used. Vnrimis phtviL-al 
tactars used in torrelatfcm of tammiruis are ns follows: 

i. Continuity nf *Lpwt. tL as shown in the accompanying diagram 
(Fig. j-i j ), ci>nti11Lii l> can be traced from .A to B, it is ijuiic certain that 
thr rcrtrk masses at A and .in of the Sadie P or very nraih the ssuur. Age. 
There is probably no wim important mein* of correlation u«d by the 
geologist except over wide orr-as. 
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2 r Similarity uf materials* Rock famx&tiom nor umisllv cnfitiRii- 
out, though not ra*u widely M + parfttr«l, aic uftrii rorivU^I by imring 

siinrluriry nr identity of lithnlnprc 
characteri tspn(ally ir (heir are any 
Im;ally peculiar features- Ehtrlccr 
gttllttypAta wtrt inclined fra ortnvurt 
flu* method of correlation b\ apply¬ 
ing ir raver area* of rr*j git-Jit extent, 
in wfiir cases even suggest mg identic 
of age nr deposits on opposite sides of 
the txrenn by this mnuft. The darner 
Of such Application is apparent when 
uc realise that, for example, n mid- 
none of very tsrly t Lamluiim) age* 
be exactly lik-e sandstranr ■>{ much later < Tertiary ) age, 
j. 5iwn7flrri/j' *>/ A $ucw&iun oi strata in two pin res hke 

ait.! H i Hg 22.G, and nor o-uitbutnts cm the suriacc, ma> br corrc- 
hrtril on the basis rat ^inulpriry of sentience* partkularly when each 
Pramiation at one place lA) shows little or no difference in Hthrak-gic 


n 

a e 


Fig- 21 J, DiugriM lu i El ll^i r □ a e eor^ 
retailor! of rtui nirmutiLtris by 
simihriiy uf urtjumfe. 




Krc, jju. EKmpam r? illutTmt rnrrtlqtnD of rod formsHbiti hi degree uf 

change up ftrogtart* 


character nr thickness as compared with each formation at the other 
pEacr (B). 

4 , Similarity o/ rhitnft. or ittwiural rtlatfant, B) finding 

similjtr]^ changed or nwtanwrijhosed okIs in the m«h* vicinity, they 
may ilurs I** correlated. For instance, in tta areompanyin,' diagram 
( Fig. 2J-, j it i» evident that the rocks of Group A are older than those 
oi Group U. and these in Turn older than C. Outcrops over limited 
area? at least ran thus he pi ami t« otic oi then- three tiioupt. This 
mtrlifid cannot br used over wide areas sin'ti as different parts ni A 
continent, because, for ir&tanre, certain strata i Ctcfareniu} in the east- 
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cm part of the United S rates may bfl unconsolidated and horizontal, 
while rocks ©t the game agr. ate flighty folded in the western OuiTCnd 
Sutes* 

t By duutrophism* According to T C. Chamberlin the great Je- 
fnnnarium of the earthV crust have been of periodic occurrence* Each 
great movement ha? "tended toward tile rejuvenation of thr continent 
and toward tike firmer rstnbji&hmrnt of the great ioceanic) basins. 1 ’ 
lie twee ei any two great diastrophic movements there has been a time ol 
quiescence when the base-leveling processes have more or less lowered the 
continents. Such ^base-leveling of the laud means contemporaneoua 
filling of ihr sea basil ti by tiamierred ms iter"' with r etui tarn encroach¬ 
ment of [he Dic:i over [lie land "roAnttidty comcmpniarirmii the world 
over." which in turn implies "a homologous serit^ of deposits the wejHJ 
aver/ 1 Thus ific times tif gre^it diaatruphisni < recognized by great on- 
con form i tiers ami overlapping deposits) should form the basis tor sepa¬ 
rating and correlating at Ir.ist the larger groups. or even systems, ui 
strata ill [hi? earth’* criEAl. 

11 . P u.nn^ioLuoc vl f biological ] lhitfria. Wt have already 
learned that "order nf *uperpo*itiuii” 01 tile strain, studied m connecrinn 
with their fossil coTitcnl. furnishes the general standard tor building up 
a geological chronology. and affords the best basis for the cor relation of 
iuimitLoiii. In fact, for correlation oi Knrnmtiuiw in distant porttorts 
of a continent* or iMercrn continents, pjJcontoIogiad criteria alone are 
satisfactory* 

i. Identity of jfrnrr- Thtt is hji extremely important method of 
correlfttionk especially when species with wide geographic distribution 
and short geologic range are employed. It n not wist to depend upon a 
single species for the corrdlari(m of far distant Jontui lions, because then 
thr [bmc otccsv.in far the migration oi (tie specie must be considered- 
Tlliti SfldttfTt gives trimbfc bccjusc the iEiiiidly denh with a 

riiiiiihrr of rapid-moving species. In ,1 cettricted uren, whrrr formations 
are to be correlated, the same orginrisms may have continued for .1 long 
time, but nearly always sonic peculiar species turnsshes the clew. 

2h Agtfrryatibiii of forms. Wlirn groups of strata in different areas 
carry similar aggregations of simitar fora*, the group* oi strata may be 
tafdj correlated. Even though a moil percerstagv uf tlir specie vary, 
the method still hold® became such varbriodt arc to be expected on 
account of migrator) and geographic condition 

3. Sim /r tn the evoful&fl of orgrtithmi, Since there has been a 
gradual development ui life with increasing coEiiplcxiry throughout 
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geologic time, tbr stagr nr development nr evolution shown by the Um\[* 
in a group of strata will serve a* a bu-s19 for general correlation at least. 
Each era. ur even parted, shows a characteristic sLigc or evolution of 
ianns, 

4« PiTi-rotept r>/ finW ipn irs* Thu applies only ti» rock mrmatimvs 
of bier geologic time, because the older rocks cruruui no uptcics like 
those now [fringe The percentage of living species becomes greater and 
greater as the present is approached* and nn this basis Ljcll subdivided 
a late period (Tertiary 1 into three epochs. 

In any correlation problem the geologist strives to u>e sc* many of 
the above critrria possible, the certainty of ihe correbrirni bring more 
firmly established when several geological and pal eof no logical criteria 
are used together. 


Significance of UKCflKFOiiMiTtES 

ThilA far our discission hits hern based T.irgeii uprtn the assumption 
of conformable strata but many tinier thr Miucevdiin of strata (fo-CaJUd 
1 'seen'on" > under study shows one or more unconfftmritifr. An umtm- 
formhy represents an interruption m the stratigraphic succession. It is 
nearly always an erosional sort ace separating two sets of rocks. Rarely 
liowever, it may represent a time of almost complete non-deposition of 
si rata in a submerged area. 

In the case of an obvious uncnnttprnury. where tbr upper strata lie 
upon the eroded surface of tilted of folded strata, or of igneous or metsi- 
morphtc rocks, rhe term “non<onfomiity ' is applied dig. 244 }* If, 
however, two sets of strata, separated by an erosion a! surface, have their 
stratification practically par.-dlrl, the term "diacon funnily" r is applied - 

Au unconformity signifies a gap or break in the geological record 
at n locality concerned, that is, jo absence uf bnrh strata nid the fnwtl 
record representing ti greater or levs letLgth of geological rime. The 
mining records for a given region ran, however* generally be found by 
gome to some other locality where deposition of sediments was not 
interrupted at the time when the u neon form it v was being produced. 

Without the aid of fossils, in the ordinary case of unconformity, vve 
could tell tJi.ii the land emerged above water, was eroded, and again 
Submerged, but we could not trll how much rime wins involved (Fig, 
344), Hut b} noting the frails in the youngest strata just below the 
eroded surface, tuid in rhe oldest strata just above ir t we could tell what 
eiHjchs or periods the unconformity represents by a comparison with the 


SIGNIFICANCE OF GEO SYNCLINES zSp 

standard geologic divi|br» of the world i.a*r table near the clow of 
this chapter), 

SiONTFICAXTE OF GeOSYNCIJNES 

A rdativdy long, large subsiding dmvnwarp or trough in which 
vediment-. accumulate to ^reai depth during -a lung geological time i 
called a £«>>;.iielirir. The sediment* are gencraUj oi marine origin- 
in order of magnitude, gcusynclincs usually range from U'i* to several 
hundred mile* sn width, and from several hundred to several thousand 
miles in length. 

A typical gro&yndinr generally lasts through at least several geologi¬ 
cal period*, and sediments pile wp in k to a depth of many thousands of 
feet — commujih 20*0*10 to 50 jutio fret* Since the strata are tif shallmv- 
watrr origin a* proved b> coarseness of grain r>t much of the material, 
character of the fossils, ripple marks, mud cracks, rie. and since they 
pile up to such a great itih ktiess, it is obvious that the tWr lljioh which 
the sediments accumulate must subside more or less gradually during 
the process of deport ion, and at about tile rure of deposition. 

The finest Large-scale wimples of gcPSvndlRCS in the history of 
North America were the Cordillcrin Trough extending ;o »i miles across 
the western part of the continent, and the Appalachian trail gh extending 
z^OO miles across the eastern part of the continent- Each oi these lasted 
through roost of Paleozoic ritne. 

A remarkable fact h that, after long subsidence, a typical geosyn- 
c I in id basin loaded with rwdimtnt is subjected to pressure at right angles 
to the axis rtf the trough, and folded ;ind raised into a maunfiifrt range. 
This is because such a grasynclinc marks a zone of exceptional weakness 
in die crust of the earth. 

TftAXSCKrSSinXS AM-' RttMOUBSIOXS OF THE SEA 

During our study of the clearly recorded portion of the rarth 1 * his¬ 
tory \vl- ’-ball find positive evidence of repeated Transgressions and retro¬ 
gressions of marine waters over various portions of what are now the 
continental areas. It is believed that such cofiticKrttpi seas were com¬ 
paratively shallow, that is, rare]y as much as 1000 feet deep. Since 
subsidences or elevation* of the laud- are not tlir only known causes 
nf «,ea tnm*gressinf» ami retrogressions, we shall, in the following page*, 
rrtcr to submergence* and emergence* nf the buds unless there s* good 
evidence for more specific stateuirnt in any ease. 
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Emergence or iqhmergefier nf land may br cuuivcd cither fa {\ i rivr 
ot sinking of the bud; {i i rise or lowering of itic stsu or i tj a com¬ 
bi nation of both. 

The idea or periodic or rhythmic recurrence of ill atrophic; farces 
and events has become an important fenel of historical gftalcgy* It 
seem to have been b rule that finite of activity—-often very widespread— 
have alternated with thurs of ijititsctiice,. This w siritingh illustrated, 
as- we shall learn, by the advances and retreats nf m,inne water? over 
large parts of North America during the Paleozoic era. The ntost pro¬ 
found times of diastrophi&m, causing widespread emergence of land or 
great mountain-making mark die dose of tile geologic eras, while lesser 
rimes ot activity usually mark the dose oi the periods. 


P ALJjtOG EtXfRAPH V 

PdeogFOgnphy literal h means "'ancient geography fi and deals with 
rhe geographic conditions of the catch during geologic time. In making 
ii iMtJtfgeographic map to represent North America at a given rime in 
its history, the attempt ls made to show the relations of lamb. surd waters, 
samdimes with dririticticms between are^ nr murine and nf continental 
deposition, location of highlands* etc Until the present century there 
were only crude attempts jic making such maps for North America, for 
fhc knowledge of the continent wm nut sufficient to form a reasonable 
basis Upon which to work* Within the hat thirty years, however, several 
sets of pileogcograpbic maps, notably rho&r by Bailey Willis and Charles 
Schudiut, have been prepared- The maps used in this text are in the 
maiti based upon data (somrwlmr modified} from both the Willis and 
the Sdmdiert imps. The Schuchm maps arc more numerous and 
detaikd* 

li should be borne in mind thsiE such palcogeographic map* are gen¬ 
eralized and other tentative as regards man* detail*—generalized be¬ 
cause each map represents a comiderablr time jiertihl so that certain 
more local geographic changes during the period are not indicated, and 
tentative because ni lack of knowledge mnerming many areas and lack 
of certainty in the correlation of formations in certain other arena* 
NVirlv progress in fcnnwleigy or the strata, less generalized and more 
accurate maps will be made. Nevertheless flip series ut map* used in this 
text will serve to give the beginner a very gutsd idea of |he broader fea¬ 
ture! in the geographic development oi our Continent. 
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Classification or Geologic Time 

We haver already drown hmv, by employing cfo law of superposition 
of tlir strata together with the law of taidtnicd fossil*, the ruck forma¬ 
tions ed various parts ot the raftih may Ik correlated and built up accord¬ 
ing to rheir namral order oi ygr into a standard fur comparison or a 
geologic column. The subdivisions Of the geologic column irpresciiT tin: 
tunes when the successive rock formations were dept&iecd* Different 
turnips have, front time to time, be tut assigned to these divisions* and 
these 11,11311** are in more or less general user 

For a I nr tg rime the suhdivbiom of the geologic cduinn were made 
almast solely on the tarns of marked diffcrencx-s in to^ils, hut Sr is now 
recognized that such differences wtrc H in no small degree, taustd by cot- 
responding changed in the environment in which the organisms lived, 
fir, in other wuids r bv ch titles m the climate, the topography, the rck- 
tiofn of bud and i^rc. Sfi Wr now try to divide the gralugie record 
at the paints where ihc irvolurionan physical change ate indicated, and 
to make cormpanding divisions of geologic time [twlf. Thus there air 
mo kinds ot divisions—one tor the rock* themselves, and die other for 
the time represented by the nocki. 

The following time and rock scales have been adopted h\ the Inter- 
national Geological CongrcLs. Immediately following these stales, there 
is presented the table of main geological divisions as now recognized in 
North America. 

Thru ifttk Jiti-ck irrir 

Period. ,, --- - . SyiK-m 

lil^^h --- „. rTT .. T - - Send 

A^c, . ... .. *.«. 

The names of eras follow a definite plan depending upon the great 
life stages. Thus Archeozoic means literally "primitive oi beginning 
liiV f ; I’mierojfoic means "curlier or less primitive life"; PalroKim- 
means "ancient life - *; Mesozoic means ''intermediate lit/'; and Crno/oic 
means "recent life/ 1 The period names do not follow such a definite 
plan 01 nomcnchrute. various ideas being represented. Three nanitrs 
will he explained when the different periods are Eaten up tor discus- 
fiitm. 

In thr table hrlnw» the wbdivbiiiii namrs of the Archeozoic and 
Proterozoic appij only to the- Great Lake* region. 
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Length tu Geuujgjcal Time 

rlaw old sitc the Archeozoic mcks? If wr attempt to answer this 
question >n terms oi year* ire mounter real difficulties then: being no 
definitely established exact standard for such measurement or ccmipari- 
Hit. In my case thr tunc L< utterly ituortcrivAbk to us, the important 
thing to bear ill mind being LhiiE the great events, of wclbknmvu girth- 
hiltory which hive transpired since the format ion of the oldest known 
Archco&oir rock* have trquirtil a lapse of at least scores of millions of 
years, Attafftf soch rveiHS have been the long, *!ow P generally progres¬ 
sive evolution of lire; die rjiormmjs accumulations of sediments ar many 
times and place*; the repeated id vinous and retreats of the sea over 
many pajts of dir continents; the building up and wearing away of 
mountain ranges at many times and places; as wdl as various other pro¬ 
found changes which have aftetttd the r.u’c «i the rank On thr 
of such geological happenings, in exceedingly ccmservauve minimum 
Climate of the age of iht Archeozoic rocks is «ocvxjo p oop years. 

Measurements of time on the bads oi radioactivity run much higher* 
III radioidmey a chemical element nf lii^hrr atomic weight is trans¬ 
formed info one of lower weigh L *Hiljf uranium changes through suc¬ 
cessive stagey of rndium into a certain type of lead. Thr raie of this 
change is said to be rathnr accurately known, so that the determination 
oe thr amount oi the special type ot lead in minerals containing uranium 
affords a means nf ascertaining at least approximately thr time when 
the fraivdoniMiirjrt started. Based upon this principle, an age of con- 
sidenibU nuirr than a billion vrar^ has been aligned to the Archeozoic 
tucks: the Paleozoic era opened more than 3?v^ton.iM) vrara ago; the 
Mesozoic rry nearly aao/xWptvo yrara ago: and the Cemtfmu era at 
least jq^ooQ^ocxj year? ago. 
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ORIGIN ANI> PRE-GEOLOGTC HISTORY OF THE EARTH 

Ip we define geology a* the study of the hifltorv of the earth and its 
inhabitants .is revealed in the rocks, it is evident rlint the problnns of 
the origin and very early development o i the earth are strictly astrcmumii; 
rather than geologic. It is generally agreed that geologic hist pry did 
not begin till the ordiuarv earth process, such as weathering and ero¬ 
sion, transportation and rfejmicinn ^rliinerm, etc,, hr gam to operate. 
Slik.T- however, thr pre-tfcolugii 1 londiNun of the earth muvt have gradu- 
ttJLy given way m it* geologic cortdihem, it t* a matter of interest for the 
grfllogm ro consider the hypotheses regarding the very early development 
of the earth. 

The Solar System 

The sun has '\ diameter or about 866,000 mile*, and a volume 
times ihar of rhr earth, Around This central sun nine plan¬ 
et—Mercury* Vein,*, Earth, Mar-. Jupiter, Saturn, Ltjiuuv Neptune* 
ami P]ntt>—revolve in nearly circular orbits. Three of these planets— 
Mercury, Venus ami Mars—-are smaller than ilir 1 earth, while rhr others 
urc larger. Jupiter being t,300 rimes a* large. The earth is about 
03 n ooo,(xx> miles Emm t hr sun ami requires oitr year for a trip in its 
orbit around the tun, while Neptune, a very distant plane?, fs about 
mlU% from the mr\ and requires 164 years for .1 revolution 
about the sun. Ea li planet also rotate* uputi its axis, the earth accom¬ 
plishing a rotation every ewentj-four hours. Most of the planets haver 
smaller bo [lies allied sard fires or moons revolving about them, nich :ss 
Earth with its ime mooil + Saturn with eight muons etc* The sun ami 
the ttinc planets wifli tbrir soldi iteSs tugetlwi with a gmtrpnf many small 
independently revolving bodies called "planetoids. 11 comprise the Milsir 
system* That this rS.ir system I'oiw-ritutes only 1 very small pat? of thr 
iinivt-rse h cUMrly proved; by thr fact that the nearest fixed star is several 
trillions m miles from the earth. 

Some of the well-known tacts which any hypothecs of the origin of 
the solsir system must explain are as follows1 f 1 1 The planet orbits are 
all elliptical, hut nearly dretifar; 12 1 the orbits lie in nearly the same 
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finin': (j 1 * all planer* revolve about thr luu in the mhw directum; 
< 4 ; flir *«iu\ direction nt motion iv 1 hr mm a> that nf thr planets" revs- 
lutiurv; (sj the planes of rhr planets 1 rotation nearly coincide with the 
plane? lit their orbit* 1 except Uranus ami Neptune); Mn the direction 
of the planets’ mintmn is the ^ame as that at their revolution; and {7) 
flic satellites revolve m the dircetioB ol rotation i*i their phmetv (two or 
three exceptions), 

Hypotheses or Earth Queue 

Nebular or Ring Hypothesis. In 1706 La.pl a rc puUbhetl u remark- 
»ble work on Astronomy, zml in it, incidentally, he put forth his now 
well-known hypothesis regarding thr origin or the solar svstem. He 
postulated a vphemiiUl mm* ««! very highly Jicalwl, incandescent gas or 
rtebnEs greater in dtnituitr than the present volar system* this whole maf^ 
rotating in the direction of the revolution ui the r*i sting planets Due 
to loss ns hear by radiation* this mas& cdntracud an d its shrinkage tuvott- 
sarilv made it rotate more rapidly upon its axis. ar the same nme causing 
thr centrifugal force on ns divide to become stronger and stronger. 
Finally the mutimg-il faro? ar the equator became equal to she force ns 
gravity and the equMorml portion was Irlt off £ nut ihrvnnioff ) ;ls a ring 
surrounding the tnmnwrirtg remainder* The iTOtmaU nf the ring con¬ 
densed to form the mitermost pi aunt. By continued contraction of the 
rotating nebula, the other rings and planets were formed. The satellites 
were produced in a similat manner by rings- left oil by the s!inuking 
p hurts. 

Briefly* according 10 this hypotheib, the earth w-is origiwUp highly 
heated and much larger than now. During it- cooling and contraction, 
its original hot and dense atmosphere, which contained all the earrli's> 
water in ihr form of vapor, gradually became thinner due to absorption 
by ihn earth. When the omditions of pressure and trmperaturr were 
fownhlr. water vapor ccuuicuseJ to form the hydrosphere. The oldest 
rnch must hiive hetn igneous, that is. tllry were portiofis ol the original 
crust formed b} cooling of thr- mm Elen globe. 

For over a hundred years the Eaplarinn Hypothesis exerted a pr*>- 
fotind influence upon science, philosophy, and theology* ami certainly 
many of the important phenomena of the solar system are explained b> it. 
Some serious objections to if may, Itmcevrr, be briellv stated follows: 
( 1 ) Nearly all existing nebulas are spirt! anil not circular J £2) spectro¬ 
scopic study $bi>WTs that these nebulas do tint eons hi of gas. but raiher of 
discrL'ie liquid or solid particle?; the backward revolution* of Certain 
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fHteUitrs oppose the- bn pnthesis ;: Ml rii^v enuld not have been Ir if stfT. 
lb st there con It! have bern no intermittent process of the sort; am! 
(5)1! is riot at all dear huw I he mutter 01 the rings could have com 
denied into planets, 

PUnetcsimul or Spiral Hypothesis, Is s* it remarkable fact that, 
although muiv rhonSREids nr iirbidiis aie known. there am very few rs- 
ampk-s of ring nebula* nt the Laplacidii ripe amotig them. Spiral forms 
are very common, especially the smaller ones. Also, as above stated, 
spectroscopic srudv uf these nebulas shorn them to be made up of dartre 
1. liquid ur sulid) particles rather than uf £ 33 * The Planetesimal bypath* 
tm, formulated by Chamberlin ami Mmiltoit, "postulate! that the 
matter nf which the sun and the planets are Cutupmed wiii, at 4 previous 
stage nr it* evolution, in the form nf a errat spiral swarm of discrete 
particles \vW positions and motions were dependent upon their mu tun I 
crAviutsoii arid their velocities"' l Moulton )« A nebula of this sort corri' 
pi :*ed .i luminous L'entral mass t the Inrure sun \ from thr opposite si Jo 

of which two liiFpmtnu spiral arms 
streamed out with ittftfirnlnl larger 
masse- or knots along each arm 
and with dark Janes between the 
arns (tee Fig. 225 ). Also some 
nebulous matter occupied the spaces 
between the arma. Such a dis¬ 
tribution of matter in a spiral 
slum* that ihr form could not have 
Bren maintained hs gBsemis pres¬ 
sure. as in the Lapladan hypothecs, 
hut rather by the movements of 
the separate particles nr masses. 
Siftte tlinc partidr* are thought tv 
have mover) tike irimfolure planets 
they are called planrte*imals K Each 
planetesirnal is considered to have 
moved in us own orbit around the 
central mass. The p hui rirtimal* 
did not move along the arms of the spiral, but rather erased them at 
considerable anglt-s 1 Fig* 220). “When we srr ,t spiral ur da not see 
the paths which the separate massif have describe^ hut the position* 
which they occupy .1 r the rime. In the promt ease \ Fig, 226) if a smnnih 
curve is drawn through the region* where the matter is densest* it will 



Frw, 215. A very ^ minrirlcftl spiral 
ritbujntkift In Pbe** 1M, r*i, Phmo 
b> Ltek Observatory I fo-ru Qtarcv- 
hrrfin mail SalliluirrV '‘GeolftftjV 1 
pci-mi fiMiii of Henry Hidt and Com- 
puny.} 
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forma sore oi double spiral as represented bj tile lull tines' 1 Moulton ). 
The dotted lines ill the figure represent orbits of some of the particles 
or knobs. 

The planetary Uodipi, including the rsrth, began 1$ bnt gas-holts shnt 
out from the mti. ami, in railing, each ni iIipw cas-butts comlcnatd W n 
ru, dear body or knot associated with myriad* of pbuietrsinml*. Largrly 
because oi the crossing ot orbits, the knoti dT nuclei increased in size by 
3 githtfing in ui accretion ot planciesimals. .Mriconics, which now 



Fir. »<t. Diagram ro 11! nitrate *ht formation of a *piro1 «Aufa. S *.n; S, 
<a»inx slat oh-j»c dinctUm nf pawigt i" «ho»vn by rhr imuti I hr curved 

lines . . b, rath> mNo^rJ u? uucWftf (plaen-iy) m«** (.lumHerfd 

,iot.O pulled uut (turn 5 bv S'. The rtfaight Nn« are 'he paib* which Ih- 
p] anetafv ciauld have full lowed hail S' femainet ttanonaiy In each «i 

the poniititn indJcHoi, The tuned dotted Hues pit*. Umwgh we* coninn¬ 
ing planet*" aJld Ollier BMdcir m»SS«. thit* pnidrtcittg the mu ! urn'll ml* 
spiral arms of the mbal*. (Modified Jher Mwiltcu.) 

Strike the earth, are thought trt be planetesimdls still gathering in, though 
at a very slow 1 rate. 

The origin of the spiral is believed to have been caused partly by 
strong tidal disrupting effects generated in the central body (suit) by a 
passing star, and partly by eruptive activity of the sum itself. Hie sepa¬ 
rated masses at first moved straight toward the passing star, but, because 
of change in (wsition oi ihr passing body, they gradually Iwcame pulled 
around and their paths curved into spirals as shown by Figure ±ib. Tn 
accordance with the principle ot the well-known tide producing force, 
similar masses must also have shot out from tile opposite side of the sun 
or central body. I- inalty, when tile passing star had so far gone by is to 
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H@ve Jargdv lost il!. power of very eHcetkrfj attracting the sim, she 
Hpird orbifc nf the phnettruimls and [.teger planetary bodies gradually 
became coded into elliptical, nc.ifh circular orbits around the sun w3n. Fi 
then became the central attracting body. 

Briefly, arcuniitlg to this hypotluaht, the earth was never except in ils 
very < u\x nuclear Stage, a Iiigfil) brined ju* jnd never tircmitilv mote 
higWj hi-at.’d rhwi -sr present hence Mnlimriifary well as igneous m;i- 
[trials may well he expected among the earliest formed rncts. Irutcad 
af a much larger original earrh, ft increased in 3we by accretion ol plane- 
ceHmals. With increase m dase came jncrease in force of gravity, causing 
camp region nf the earths matter ami gene ration of more Jtitd more in¬ 
terior heat I probably aided bv raditjavriviu }. tints inaugurating volcanic 
activity. AceonapiujTiig this increasing pressure and heat, i includ¬ 
ing water vapor ) were driven out to rami an atmosphere which gradu¬ 
al!} became larger and denser. When the crater vapor had sufficiently 
accurnidircd, precipitation molted to inmate rhe hydrosphere. 

Modification of the Planetesimal Hypothesis* and let- 

frc. ^ have ■sfct lorrii what may hr termed a muditicifhiii of ihr planet*^ 
uial hypothesis very briefly suinmuiizy-f sallows. The dhrupfton of 
the sun In =1 passing Slur was caused h> rhr tide producing larce with 
little or nr. aid From the eruptive aefivin at rhe sum Instead of hoi gus- 
bolts shot out from the sun from time Lu lime, a long streamer of very 
hot gas was steadily pulled out of the sun by the passing star ami draws* 
forward bv the star. This streamer, which reached t»< tin; miter boundary 
ni the *olar S>*£rdj, became disrupted into ten parts which formed into 
spheres—nisK- of them phitch, and q*te of them ili^ group nf the plane- 
Tiiitls. Whrn ihe passing *tsr moved far enough sway the pEanetary 
hodies, thf-M dnmmntnj by the attractive influence of ihc iun f began to 
revoke around the sun in orbits. 

Accordinu In this hipiithrs-is rhr earth, was original]} a highf; Iwatrd. 
incandescent tras. Then it cooled m fulL*ize muirrri condition, About 
the hrginnirtgai gcdughal time a *u!id cro*i formed over the fluid in- 
terror- Thr earth was then surrounded b> a very thick, hot, at¬ 

mosphere which in time cooled enough sn that its coni a med water vapor 
could condense hi tremendous quantities and thus produce the oceans. As 
confine nod solidi'fication proceeded. lighter racks wert formed in the 
outer shell of rhe earth, and heavier and heavier material downward 
toward the center. 

W&S the Earth once Molten? Certain facts about the present-day 
earth raihcr strongly indicate ihjit it was once in a malum condition. 


HYPOTHESES OF EARTH ORIGIN 


iqq 

Thus the spmxihc gravity of the earth a* n wholf h much higher than that 
oi its outer shell. In 3 molten earth the heavier material Would tiatu- 
ralU gravitate toward the center. Also studies ni rhr passage nf earth- 
spiahe w;nrt in the earth, pHticuLirli their velocities* srrunpK indicate 
the existence <i( tei'cral ratth-didl*—an outer -shell ul lighter I, granitic) 
ra:k> about ^7 mile* thick; 4 draper shell of distinct! v heavier (basaltic ! 
material about tSix-j miles thick; &ltd ;i Dcmrnl still heavier lb pud nr 
metallic corr over 4 *.oh miles in diameter Earthquake waves 01 irans- 
verst vibrations do not pass through the graft centrjl coir. Such waves, 
as far as definite!) known, pas* through solids only, and hence the inner 
pan iit the earth h probably still molten. 

Certain other facts seem opposed to a Oner molten globe. J bus Hi- 
mane changers and conditions necr>sary (or living thing? were* tn earlier 
geological time, essentially like those of today„ how could there have 
bcfn a very hut. dense. enormous atmosphere- which has gradually dimin- 
iihed ilk all these respects? Also u a globe, whose mobile liquid mfttcxifd 
Jias bran art aliped in .iccontafitic with its density - * ■ < P**^ l it tie 
potential opportunity lur defurmanon, except fw shrinkage due to cool¬ 
ing, . „ , Cooling from the curlier mliriificatJQji to the present earth 
temperatures would not cause nviugh con traction to account lur the 
wrinkling which the earth shell show* today. (R. I. k-hamberlin.J 
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TEE ARCHEOZOIC ERA 

The Oldest Knows Geological Rectos 

lx earth history, as in luimnn history, the recorded events of cnr] 
times are fewest and most obscure,, and hence the least in tell Enable of all. 
In spite of a certain d had vamagr in bcgtnilLrig with the least known part 
of the fnston of the earth, the only saris Factory mrtltnd of presenting rhe 
nib}m is ,L to follow ihr natural urdcr of events This has (be greif 
advantage of hri/iginiz one the philosophy nr the history—the hw or * vo¬ 
lution Lc Coiite L Thr earliest known geological history es re¬ 
corded in the rocks of the Archeozoic group, often called the Archean. 
While it is trite that the nitjst obscure records of any rock group are here, 
partit because the original structure of these rod* have generally tarn 
*** profmuidli changed I ni*ratwirnWed) -inJ partly beem** of the ah 
on^t complete absence of well-defined fossil to mis never the less, certain 
vety definite and Important conclusions regarding the earliest known 
era of geologic time may he reached through a study of (hr Ardiezoic 
rocks which arc believed to be mote rlum otie billion year? oliL 


GZKZeM XaTUHE AXD bklGUI OF THE ARCHEOZOIC RoCKS 

HI Archriin Complex," "Basal Complex, 1 * 'Tiimlunmtel Comply/ - 
fie,, art- ait terms which have hern applied m the nxks at the Archeozoic 
group which invariably occupy a basal position with reference to all 
other rock group*. The Archeozoic group tfr a crystalline complex, eocm 
Jinking various kinds of igneoua rocks jnJ metamorphr^d Itnb, be* 
ticath the base of ihe more ok less vvtll-detrrmlised ^rdhtjenf+iry surenr- 
sioji. 

Briefly *t.ited, the Arch m/nit ^rrnip exhibits the following rhamc^r- 
iVtics* (I) S-ri far as observed, it a I ways shows a profound imctm form Ity 
nf erosion surface at its summit; I 2 1 its lower Unlit or bn*e has never 
been determined H and k likely inaccessible; (j) its duckrta* U very 
great, at least lens of thousands of feet, and potiUy many mile*; ( + ) 
hs rocks arc always OyaEitttne and mma|ly highly metamorphosed and 
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rittcd or folded; I 5) it comprises a most heterogeneous group of rocks, 
uften inooulcU' associated. such ns. liivas and tufts; schists, quinzitn, 
jin I jiiarhlvs, representing slides, sandstones. and limestones which have 
hem highly inetmuorphasftl; some brdi ni iron orr; .md great volumes 
of plufOtiir nwkv especially granites mul granitic guriwes; (f*> die IR- 
neons rocks almost dmyt grnttly predominate; 17) it rarely, if ever, 
contains distinct fossifc, though ccrt-atn evidences nf life do exist: and 
(8) as far as known it is universally present at or under the earth's 
surface. 

DlSTRIBI TKIN OF MCH*02<HC ROCKS 

As far as known, Archeozoic rocks appear to fee universal 1 1 present 
at or bdow the earth's surface. Ii this he true, and ail evidence strongly 
favors such a view, it U a most remarkable characteristic of the Archeo¬ 
zoic, became no other rock group has such a distribution- I here is a 
widespread surface dismbutiou oi Arche-'.mic f*b. in large and small 
areas, throughout the lands of the earth. 

On the accompanying map 1 Fig. XXI 1 the surface distribution 1 area* 
of outcrops) ol pre-Cambrian {Archeozoic mid hmerozuu'J rocks in 
North America is shown. Most of these ureas contain more or less 
Archeozoic, The map show* the gmtest area of pre-Cambrian rocks 
in North America to be around Hudson Ray. 1 hi* vast area of fully 
2.000,000 square miles con tains much Archtu/nic, Among rhr principal 
smaller areas containing Archeozoic rocks arc those of Newfoundland, 
New England states, Adirondack Mountains, Piedmont Plateau, Michi¬ 
gan. Wisconsin, Minnrtota. and numerous areas in Alaska, and in the 
Rock) Mountain district and westward. Id drilling deep Wells in many 
places, particularly in the upper Mississippi Valley, rocks of thr prv- 
Catnbnan complex hmt ben encountered, and mi wc tnu) be confide 11 ■ 
of the presence of Archeozoic under cover uf thnusand* of square idle* 
uf later rocks- These UcU of distribution, together with the hurt that 
wherever erosion lias gone deep enough the Archeozoic never fails, leave 
little room for doubt concerning the universal presence of rhese rocks in 
Norrh America. 

Srfini visions or this AaCHfOTOtC OnotT 

In most regions where it hits been studied, rhr Archeozoic g 111 up 
consists of twa or marc distinctly different classes of rocks* "metamot- 
phoned stran of varin.i* kind*, plutonic rocks or different kinds (mostly 
granite), and often ttietainorplioscd volcanic rocks, lit many places these 
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rwb may be separately mapped a* surK but in mam others different 
kinds art so intimately tobted m osaodiuetf as to pirclij.de sepimre map- 
piilK. In cvfflfy known region the very oldest .ire ^ui+iruii isicki nf cither 
sedimentary nr ttitimcjiury acid volcanic origin, and rlux? are cut or 



rV-. 3ir *hvwiiig the turban- Jitfrihuiiun rjf pre-Cambrian (Animate 

and PoYtt-iswIr n■c'L- irk NVrtlh America. Laigert ,in; f ij^wn bv <|ibicr^ 
pattern; iinullet anas, b> mini hJu^’U™ MuJlEcd *ftei Willi*, l <; r n- 
lojprjl Survey,) 


** - 




intruded hy ! younger j pin tonic rocb, The present state at mr knowl¬ 
edge rtrws nor warrant the subdivision up ihr A^httwcoic aimvlierc into 
wort than two definite periods or systems. In most regions not even 
two such suhti visions have been determined. 



LAKE SUPERIOR-LAKE HURON REGION 




The following tabular summary shows (be miKIi vision* ot the Ar¬ 
cheozoic anil their relation to the younger Proterozoic ill a portion nr 
America where a tine display of widely exposed older pre-Cam¬ 
brian rocks havr been carefully studied. This may be regarded as the 
type Archeozoic region of the continent. 



jjiifi Sufntifr-ttikt //unwi Btfhit 

P'nieraMuc 

Hunmiu RY&Tem 

Arrhe^juic 

ALgoirmn gnsnirr. It-> tensive hutholithk antrumvc bodsnJ , 

TtmtikamilMg •votchi, including Sudbury Kmtc Lakt r Scir.e Rivet, Itore, 
*1ni orflarr sen^- tScJinicoLII> wfc.% kiClUjf 'Mlh rdcinlC*, highlr 

i tmtxmvbmnA 

l ULMtetjfotfmlty T uniats IG gttJli 

Lay rerun an granite. 4 _ , . .. B a * 

Kedrin mdmisng ihe Cewtctodli ng *ersr* (LuveI? rakin):: 

rocks* ^ilh mtjirr at Itt.i ***odzCed K^HtKHtaJy ta^i renal. All ft Kk* 
highly mEiamorpho^cL} 


Lake Superior-Lakh Hlhon Reojon 

Keewatiu System. The Ktttcatm system oi mdts has a widespread 
distribution. outcropping ill many large and sitmll areas across southern 
Ontario in CaadiU. and in northern Minnesota and northern Micht^sn 
m -hr United Starts. It includes the oldest delt-rnained rocks in the 
legion, mid nn rocks any where else art known to be older. 

The Ktewirtm is a highly metamorphosed complex of Java-Hows ami 
tuff* with stmir intercalated beds of rnigiiwl sediments now in the form 
of si airs, schists, and ce train iron-rich rocks, *T he> are usually gray or 
dark green. Even the volcanic rocks have often been rendered schistose 
by mrtamnrpliisni. to spite of (he fact that the rucks are generally 
much metamorphosed, enough diagnostic features arc preserved t» prove 
ttinir origin* 

In mm place* flic Kmvatin rocks show sicrp iHpv beauae they 
have bwn strongly folded. They ire commonly thousands of feet thick 
—in some placrs more than ao.ooo feet. The full thickness is not 
known, tirst. became tltr Upper part -it the onpittil pile bus been pm- 
r.mii ll. affected by i ttwhm. ami. wc'iml, because the bottum of tile pile 
has never been found. The fact that they are aurficid rucks makes if 
certuin that they must have sccumulated un fop of still older rock*. It 
would indeed hr intern ting to know the nature ot thine still more an- 
cient rocks. Future researches may tell vis, thiit if such very ancient 
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p rc ■ Kec watui rorks ftJJl exist- Ii so. 1 still tarlifr chapter will he 
n> nur knowledge ni earth hiSton- ■ 

LaUJentian Revolution and Granite Intrusion, Anei the acttumi- 
briqn of the gi eat Ktinnmfr ^tnii of racks, the so-Hillcd £m/rewmn 
granite u r as intruded into it in the form oi bthnlrth? thrui (ghaut ttnii'h 
of the region. The Lauirmiftci granin? is the oldest known phi ton k 
rtM’k, Tlio Heat .uni pressure oi I he rising Enigma helped to metamor¬ 
phose the Kmvutm rock*, 

Thf gnmiTe mcnjwuss aizcntupiimeil a widespread though rarfttt rnirf- 

rrate degree oi kldim* of rher Kct-wiidri rndk>. Thi* folding accom¬ 
panied by the intrusions and uplift, mao h called ihr Laarmtum Rmi- 
/tf/icon This ls the earliest definitely known deformation nt the earth s 
crust. 

After i., li iiI in part dmiup) the Laurcntiari Revolution, and before 
the next oldest tTinmfe.lining i me to were funned, thr whole K«wstm 
region wa* mure or less deeply eroded. This wc know, first, because the 
folds ivrrc truncated by fTOHorii and hatholiths ivetr laid fwe^ 

be tore the Tjmiskaining rocks werr laid down upon them* a ml, seenmh 
because pebbles am 1 boulders of huh Lanrcntian granite mA keewarin 
nicks ate common at the bottom ut the Timiafcusiing systesn. 

Timiskaming System. A grr;it system of rocks, very target v sedi¬ 
ment mty in origin, direr tU over lies the Kmeatin system W pliers 

fnun western Quebec westward acio** Ontario ami aLsu wrsr miil ifiuth 



FlC, A hilfhU frmrnllinsl iftffrih, |btHtf ij mil«^ h'itJL sbrnriniC tHr r E 1j. 
liana- fit lb? Archeozoic gircmp i»i rock* in ibr Lake Sunrfiflrlflke Huron ic- 
yinTi tjf CaiudiL Thr Ketwalifl sv-ifru vrim motfiTattly ilrl-rit anti irtlrndtiJ 
hy rhf Latof Titian granite after which ihrrr w» deep crtmuic Then I be 
TirnFskrttnmi: rocfei Wert laid down, md Lsiti J r rfrnflfclv htfdtif ami intruded 
by rhe Airmail KFJtflitt. after whtrh there xr.ii iimlhrr fl£fbi| nd prafuU&d 
tr-idoll, marked by llie upp*r ■ur/aet 


of I akr Superior, Whew the rocks of this ,ipe are parrindarh well 
tiptoed in a large region in western Quebec and eastern Ontario. they 
lutve bren named thr Timifiiwthtff system# Rock series such as the Sud¬ 
bury, Suiric River, Dore, Knife hake, ami others, which have been iuiie- 





LAKE SUPERIOR-LAKE HURON REGION 


iOs 


pcndctitly described and named m vnriouj part?' ui thr hiffrrr region, are 
new ratlin confident:!) believed to represent parts or scries of one great 
s* stern— ilir Titnisbmiitig—which is widespread throughout the Lake 
Stqwi'ior-I^Mke liuruti regiofL 

The buiul tMiftkn of the Tirnfakaming system fa nearly alwsv* a 
pent congfotnemre formation- Ilk 1 upper portions consist largely of 
quumircs. slates* schists, gtayivackes, ami so-called iron formation, tifieti 
with in ter bedded lavas and tufts* Crysrallinr limestone seldom occurs 
Nearly ilJ of the now altered sediments seem 10 be of non-marine or 
emit i ritual origin. The whole system ki places such as the Lake I imis- 
learning and Sudbury regions of Ontario, reaches a thickness of .20,000 
icrft or fipnrr. Thicknesses of tkiustfiib of fee* ate canumtoJ* 

There has been some difference of opinion a* to whether rlir Timfa- 
fagm inp -should he regarded as Archeozoic or Proterozoic. Several care¬ 
ful students uf the subject have pointed out that the Timiskaming and 
Keewarfn are distinctly mare closely i eluted than the rimtfkaniiug ami 
the ne^r overlying (Lower HumniaiO rocks ut Prtitarao fc FhuS 

the trosiumil surface (ixnoanrnmuty) separating the rjmfaknmmg: and 
K«w*tcn, am) also the structural dlfficrmm and degree of 
tnorplifani oi the two systems, arc much less pronounced than those he- 
twimi the Tindsknniijig and T.owcr Huronian. Eor these reasons it 
seen tv be-it to classify the Tiniiskandrig with tin? Archeozoic. 

AJgoman Revolution and Granite Intrusion, After the pear 
Timisfcamiiig srtttm of scilimnirs and associated volcanic* was laid down, 
the Uk SujWwor-Lske Huron region experienced a second period of 
strong diastinphii'u-—this rime much snore intense than that of thr Hist 
( Lmfroibid dfatuibanoe, h has been called the AlfOintm 
Ai-ompanyinp thr oragHlic movrincnts. srest and widespread bathofiths 
of ph ston k uk Li, oamnwnl) culled .tfamn gfanite, broke into, cut to 
pieces, amt helped to disturb and tneianioi pilose both The Keewpriri And 
T: mi "La i mm ij'Srnra. 

Not wily in the C.tmulmn rtgfon, but wlierrvrr thr Protwazdc rrH_-ks 
of North Anirrku have be«l fnuiul rFStiUK upon the Archeozoic, rlit two 
sets of rocks arr wpmtul by s prufaunij unrtmfomiily rep resent me a 
nm loup interval uf craljfiti. Jv'h' iiltrntl\ Nursh Aoitnci vnniil util 
abuvr thr sti tnr rt long rime, ami wa» n«irl> It veil'd by erosion, be lore 
the oldest known Ptotcrutic strata were laid down. 
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Archeozoic or Sen th east hr \ Canada ano Northern" Sew York 

Throughout soutbeasirm Ontario, southern Quebec, and flu- Adiron¬ 
dack % Eomat .1 0! iiiiftlient New York. the olden hitmen preCaro* 

brian rocks arc highly nitUAumrpb?*ed AeditiicOti constituting tbi* great 
fiV^jiFr/A system* If is many Thousands of fcc-r thick. It t-omisi* largrh 
ot schists,. quartzites. nn<) ay*ralli?>e limestones representing highly meta¬ 
morphosed shat**, sandstones, uml I inns tones* Some altered igneous rocks 
seem to be Contemporaneous with the strata. The Grenville strati* 



Fw. i’N. Arrlinizok (Grenville mrnimnrp lifted ttrm in ihr ertlTrst Atlirnn- 
duU. .Vnic rlif dlflinei nrattirariim in tJi=^ highly er> >4*9 tried n^tj. 

have been profoundly chined from theij original condition that 
err tain of the highly sedimentary fewtunt have been completely ublirer- 
utriL Thus the absence of water-worn particles and fossil forms, both 
of which art so characteristic of ordinary strati, is due to complete crys- 
utilization (met a morph ism) of the Grenville Strata since their deposit 
tbit* Thrrr are, however, certain proofs of the sedimrnt&r}* origin uf 
the GrcrivLlJr The fact that film* rock* ccimimuly occur in alternating 
layers, inch id inn tutritsive bed* of cryimlJinr liiiintiniir and qmfnzire, 
furnishes strong eriJrnre that this distinct bonded effect ^ due to dif¬ 
ferences m original sedimentation ( Fig, 22^}* In some places rhe strata 
sue *0 tilled with graphite llakts that ihe mitral k mined. Carbon ex- 
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isting under such conditions is doubtless of organic origin anil represents 
i; h crystallized form) tlir final stage in tile decomposition of orgainmn 
which lived in the water* while the Grenville strata were being Jc* 
posited. 

In the western part ni southeastern Ontario the Grenville Crnuains 
some altered lava-flowS, mul it is there overlain nnnmformably by the 
f[nftitiip system of metasediincms at the base of which there is a con- 
I'ltimrrair formation. 

After the deposition of rhe Grenville I lasting strata, igneous activity 
loot place on a grand scale throughout -nnrhciistcrn Canada ami northern 
New York. Tremendous bodies of molten rock, varying in composition 
from gabbro 10 granite, were forces! into the strata fnstn below 1 hi* 
present distribution and mode of occurrence of these igneous rocks show* 
that tlie molten mosses broke into the Grenville strata in a very irregular 
manner. 

Alter the disturbance tif the Grenville system, and the intrusion of 
the great bathglitHs into it. the whole area of southeastern Canada and 
northern New York was subjected to very profound er ^ion. 

The Grenville flits never Ivrnt definitely correlated with any rock 
system or series farther wrst in Ontario. The fan that ir is universally 
so highly mmsrnorphwed points Strongly to its great antiquity. Except 
for the faet that the Grenville Unm^dimeins) and Kcc wan'd {largely 
metavnicanics) arc different in origin, the Grenvill^linsriiigi-tniiholitli 
succession suggs'sts correlation with the Krcwatin-1 uiiiikiirumg-baiho- 
lith siLevestiun farther west. 

Aich Eozoit: Rocks EistwHgRBtx North America 

In the vast region of pne-Cambrian rocks surrounding Hudson Bay 
1 pTg. 227 ‘ there are mam occurrence? ‘if Arcliwi/iuc n.cks iiiori' f -i 
similar to those already described. 

Rucks quite certainly of Archeozoic age occur in various places in 
the piedmont Plateau Jf the eastern United States. For example the 
flnltimittv guns-, of Man land i* a vert ancient si’dttnciirary formation, 
hightt metamorphosed shit rather thoroughly injected with granite. 
The Fatdham gneiss of New York City and vicinity is similar- Both 
of these gneisses lie unconformably below great series oi metamorphosed 
strata which are regarded as of Algotikian l Proterozoic) age and which 
uncon form ably iituler lit cash Paleozoic strata- 

In the Rocky Mount aim there ire Archeozoic rocks, mainly granites, 
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Fl'C* 250, Mountain* *<r Arrhfoaonir Kranirt rhSng fu hrL^htii oF irrt nt mnre 

alwvt =*a te'rtb If(un Range in Urftrtd Tctuu \aiioiiu! Park Wyj lining*. 



Fit :ji, A iktat] vjfw <>f wre ^dipping Archcaiok -ichbt intirnarrh irijrticii. 
parallel tr> St* TollBtlmi. with ftTWHEc; farming j mistd Width of 

Oyterop abotil n feet- YVcicmi San Gihiitl CaJilurnia. 
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oft«n intim airly iWOtiatcd with Mill older srlust? in ninny plact*. Thus 
they form thr ourejopping cores ot axes of the L.tramie, Wind Rivet, 
Horn, Grand Teton (Fig. 230), Sangre dc Cristo. and Colorado 
Front RotlErs. 

In the depth v ni the Grand On yon oi Arizona, Arduo&o k rocks 
arc exposed tor many mile*. They comprise tile Ihhttv system of pre- 
domiiuiiHih flighty metamorphosed stram— 4 chUts P quartnfln. etc,—at 
least 25.000 feet thick, cur by mimercim Urge and small granite dike*. 
A very profound unconformity Separates these rocb from overlying 

Algmtkkrf OhregenuEoic \ strata 

In variqin parrs tii southern Arizona and southern California, Ar¬ 
cheozoic metasediment^, schbtt, gneifcurt, and granites and other plti- 
tQiiics a re well exposed ( Fig, ijf )* 


LtFE AXP CLtMATS OF THE AftCHEOZOlC EftA 

If the term "Archeozoic 1 " h properly applied, tucks of that age should 
show the earli^E evidence* of life, Beds of graphite'rich fcchEsis? numer¬ 
ous scattering Hake* of graphite in certain Archeozoic crystalline lime¬ 
stones and quartzites: extensive beds of limestone; and beds of iron 
ore which wet? derived from carbonates, altogether quite certainty imply 
the existence of life in Archeozoic rb.nr, t .iim^hme has some times been 
ot chemical origin, but the presence of dearly bedded graphitic schist* 
and crystallite limestones in a distinctly irdistientary system ot iwks al¬ 
most certainly shews rbr influence of organisms in the product inn of 
both the graphite and the limestone- “Since we know that .ilgae alone 
are capable of chemically precipitating linns carbonate, the presence of 
vnormouj quantities of (Archeozoic ) limestone in this region {south- 
eastern Canada l k now rmurtl) altered to marble, strengthens the evi- 
dener in favor of life in the Archeozoic. 1 ' 

I'osjil farms of Sow-order single-celled plant* (algae) have been re~ 
ported rrom Archeozoic rocks sn Minnesota, 

Certain hemispherical masses (called "EozwrT), made up ot indis¬ 
tinct. crudely concrntrn: layers of carbonate of lime* went? found many 
years a^o m the Grenville Limestone. They were probably secreted from 
wafer by primitive .tlgsw a* were iinuLir. better preserved mas** Oc¬ 
cam ng in Proterozoic limestones f Fig- 2 \h). 

The later Archeozoic (Stirw Rivrr) cmtallite limestone irt die 
Rainy Lake region uf south writcm Ontario bus yielded crude, cone- 
shaped masses (called " Ankobim.Tj several inches or more in diameter. 
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Thcv have both concentric and radinI structures. Their origin is not 
positively blown, but they probably represent ainglr-crlled plant v^re- 

With tin raCEptiom above mentioned, almost nothing ltfce determin¬ 
able fossil farms have been found in Archeozoic rocks, and cven ii such 
ever were present they must Hove been *lmost entirely obliterated by 
the intense rnttiuiKiipkisni to which the rock* have been subjected. In 
the light ut the evolution which took place during much better known 
geologic time, it is quite certain that the Archaic orgtuibim must 
have been much simpler forms than those 01 the curly Paleozoic which, m 
turn, ivrre touch simpler than those of the present day. 

All we can say about Archeozoic climate is that, during most or a!l 
of the time, it was favorable tor the existence of lilt and lor ordinary 
geologic processes such as erosion and sediments titan. 
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THE PROTEROZOIC ERA 

The PrOTcroznic era, represented h> the Proterozoic group of rocks. 
Indtotes the time between the Archeozoic and the earliest Paleozoic 
(Cambrian ( period the Cambrian system comprising the oldest known 
tack system with abundant jo-sils, The term '’AlgonlciW was at first, 
and still oftrn i>. applied to the group ui nicks now more generally 
and Miistactorily called Proterozoic. 

Great Un con form) tv Between the Archeozoic and 
Proterozoic Gnod's 

As already stated, whenever observations have been made under 
favorable conditions, tire summit of the Arc-bean complex appears to be 
marked by a profound unconformity. Such an uiiconfomil ty, however, 
cannot be universal because the very fact of extensive erosion ->i certain 
areas implies the deposition ot the eroded sediments in other areas. Such 
sediments, if found, would contain the records of the time interval indi¬ 
cated by the great unconformity. So far at least, this sedimentary 
record has not been brought to light, probably either because {11 three 
wdittirriTS were deposited in ocean basins not since exposed as drv land; 
or i 2} three sediments arc not «r present exposed to view because .on¬ 
esided under later formations; or (j} these sediments have not been 
tctoEttir.til as such. Also it is nor at all unlikely that some or even 
many of these sedimentary areas may subsequently have become land 
areas sn thas, as a result of erosion, more nr less of the sediments were 
there removed .main to hr deposited Proterozoic or Liter sediments. 
Future researches may bring to light witty uf the now “tost records’' 
which represent the grr.it unwiifonniti' or tunc gap between the Ar¬ 
cheozoic and Proterozoic. 

General Nature and Oricin of the Proterozoic Rocks 

Thr Proterozoic group includes all the stratified rocks ami their 
mefamorphoH'd equivalents. together with associated igiivmif, rocks, 
which occupy a stratigraphic position between Hie earliest Pakoioic 
(Cambrian h and the Archeozoic. Stratified racks greatly predominate 
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over ignraus rock^- ;uid w)Ric fossil remains ol both plants and anixnalf 
occur in them- 

An Important feature, especially of the I a let Proterozoic rocks, is 
the tTcqiitiftt presence of great merits oi uui^mcrimmrpliOMd strata which 
are therefore rhe oldest known unaltered strata ul tin- column. 

Sin -h strata iruludc nil omutUHi type* of sedimentary rocks as cough ihht- 
ates* sandstone#. shales. and limestone*. Baud conglomerates, which 
were derived from the lands over which the Proterozoic sea? at various 
times spread ur tnutigrestfed. are frequently found at the bonomp of 
the gteal sedimentary series. Other great series of Proterozoic rocks of 
undoubted sedinirEUiin origin are mure nr Ivm metamorphosed to actuate 
quartzites, and crystalline limestones. Tim earhrat Proterozoic «dt- 
inrnts were derived from exposed portions of the Archeozoic, while later 
Proterozoic sediments may have been derived either trom exposed Ar- 
cbcomicor older Proterozoic* That the processes oi sedimentation dur¬ 
ing rise ProtefttEdic era were essentially the same as those oi today is 
dearly firowd bv the very nature of die *odimtnE* k the typical strati¬ 
fication in men lamination, shallow-water marks, ere. 

Associated wills the great ^filirnemarj deposit*, mure nr lese igrircin 
lock occur localIj both ns mmistans info the -.fraia and cvvtrusmiu 
Or hiVA-fhiws. 1/ira Elite bathahtbs intruded the Protein zoic roch nr nr 
near the chrse of the era. 

In addition t» the frequent luetamurphijda, the Proterozoic rocks 
have often bren subjected to great deforms! cve movements in the rat til's 
crust v> that thr rock* have either been tilted or highh folded. Sumc- 
times they have been infolded nmuiig rht Ar-ctiro/oic roda_ 


DtSTJtaOTTON OF THE PfiOTEROZOlC ROCKS 

Perhaps ihr. largest Proterozoic area in North America is that ill the 
Rocky Mount dm of the northern United States ami southern llrittdi 
Columbia. Tht well-known Lake Superior-L.ike Huron district uf 
Proterozoic Is also of large extent. There art coutidc-raMr areas in 
eastern Canada west ot Hudson RjiVg and smaller areas lh \ rw found- 
land. Nova Scotia, the Piedmont Plateau, at several places in the Mis¬ 
sissippi Baain, Testa*, Arizona (specially in tlie Grand Canyon), Ne¬ 
vada, eastern C-difumo, and at various places in the Rf>rk> Mountain 
system nf thr United State* and Canada- 

Nearh sill of the known outcrops <u Psoterozoic rucks occur within 
the areas of pre-Cambrian rarfci shown in Figure lt7- 
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Si ftniv^Eoxs or run Proterozoic Ghol v 

I[i many rcginas where deluded sunlit have been mule, the Prormv 
jt-oic group may be subdivided into iruin two to four s>i*erm or senes 
separated hi ilisttiiirt uikunlurmitj«. In *ome places only otic division 
hjts been recognized. At ptrwnt no *mh iiiMivisiin info scried or *yv 
tents has .1 world-wide or even ran fluent-wide application- Generally 
each or these divisions show* a thickness of at kairt a few Thousand feet, 
while the whole Proterozoic grots p has a maximum ihickne-^ of many 
thuosuiids o! t'cet. or, according to some rftiinatrs, nr kasr ten miles as 
in the Labe Superior district, These subdivisions or series ot Pro¬ 
terozoic ppcb will pcdta|H hr best understood by briefly describing a 
few nr the letter known regions. 


Lake Superior-Lake Hueox Regtov 

One of the best and most careful 11 studied Proterozoic districts in 
tile world h rhe Lib SuperinrTrtk* 11 upon report- Pjntemzmc aur^ 
ficial tucki arc there arranged in four dhuiucE, largeL sedimentary divi¬ 
sion:. 3tp:i rated from each other hy uncoil hi rmatm, and named l amt 
liuroman. Middle HuroniOii, Upper Huronran fAnwmkjani, and Kc 
wwiawBiL Ac same localities trot all of these divisions are represented- 
The t elation* oi tfic divisions to each other a Ltd to the Archeozoic 
bcJinv and Paleozoic above arr hruughr out its the accompanying tabular 
arrangement. As indicated by the unconformities iht deposit bn of 
each division was succeeded by tmcrfituce of the region accompanied by 
erosion, and This in turn tallowed by submergence accompanied by dr po¬ 
sition of the next division. Such replied change* of relative level 
between land and sere to here recorded tot Proterozoic time are among 
the most common acid important phenomena of geologic history- 

The lluwrtmrt rot It* are principally gray and green quartzites, 
schists, slates, crystalline linwstmtis, conglomerates, and beds ui iron 
ore, 3,11 of which are marc or tc*3 mctiiMorphosed jediments. I lie 
original strata were latjtidv laid down under water, probably sea. water, 
hue continental deposits are often prominent Some igneous roeb. both 
(ntrunive and tixrruiH'r, are included in the Hu roman system Tile 
Lower and Middle Hu roman arc mujilh much more mctrWnorphesed 
and folded than tilts Upper, the latter being at times rarcdy at all 
deformed or rnctaniarphosed. EstsmaTrrs &how ihr Aggregate (maximum) 
I hick ness nt the Hu roman rocks rn be no less than two or three miles. 
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Pafcf.itafc 


PfDlcmzQic 


ArthcttfotC 


Lj ir Sup*? re *> La ^ //r,r,« AVfH n 


Carnhrinii uf OrdntLriju Aciwt* 
fOieai 


KilJarncv itfjiijjte. (B-athuLkiui: Mict) 

K.cw«nawar' wiCmi ’Volcanic rirlJ sedimentary raek* T with Utdte nr 
no mcumwtrphiatrj 

(Unnnjpnimy) 

E [l ]iptr (Anitriikien 13:2.1 Whitewater} icritL I Mainly ijediffitn* 
j“ wry madetaitl* nrctunaFphohed) 

^ _ fUawnfopritf^J 

Mi»J J*c (Colwill MTirie^ L_MjlLuE^ -.ctjEmentiUTx mnkmteiv irurtu- 
rrwiTphfwedJ 

{l T JMOntortnil¥l 

Lm*w <Bmc) wricx. (MwMy ^dkncntiry h much nicttmior- 
tiho»i;I) 

—--—--(Great ujiajnJunnify)--- 

A[yririij:i granite 


A toratarion of umisunl sign i (tenner it a coitglmijetttft or bouJtfcr 
eUy, representing a tbomuehly solidified glacial deposit, ar rfse base of 
thr .Middle Huroniaii series. This deposit has hern obferVed >i many 
places within an area 01 thousands of square miles north of Late Huron 


- ^ "1 



Fir_i;*. Stcrp-dippinj; lUCi.UTKirpfirttril Ifiimnian Inurttnn- ■ <:r '. \^rtfi 

Shore < 1 + Lake Huron, (Pliftl- T. T Ouiikr f..i G™k>cif4l SiiTVes H 
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PIEDMONT PLATEAU AND NEW ENGLAND 3'5 

Till* AigfufirjiniF uf this remarkably iilil glacial deposit is discussed he- 
youth. 

The Ktn-irnffWiiTii or latest Proterozoic system, h characterised by 
a great preponderance of lava bed* which coftsmmc Hie lower portion of 
the pile; arc prominent in its middle portion; and arc practicalJy ak-m 
from the upper pofrinm Some uleiv of the stupendous and cdimnitons 
volcanic activity ot Kewctnzwari time may be gained Iran the fact that 


AfX* 



F^'p- Z33 + North-modi sirtfrtiJre WClfcm *5 ml!r^ long Oil rh* riorlli *ide d 

Htfftu* Venfcjil ^ uJe gnrfllLy eilfgitfatHi -/j — Aiche&^Lr -rllio ; Jtf = 
ArrWanlc icnmitt; J/ — HllTOllJili if ra id 1 Bruce 1 nil Cabal I “rrkt* HpilJIlPd 
by uitoEwfrirmifv i rr*iiriE by unctnitrirmily up*m Arrh^ftiDic met*; black 
bBfuii^KfnttriJwdii baiu ittrtuwM rw.b; A' — lait FftKeroiaic 

iKiNinm) jfrtBltPl ami O = Ordovician marine jlratsu 
The principal rvrnt* n inrilrii in rKi 1 - *cdinti Itt .1* jnlhw Arehnurcit x hi\t 
[nlrudcd bj imttb Anllfdiak L AlgoaiUi) ffauiTr; profound interval ni 110 
Moru depndlinn at Bmec unia, trahlunjil iiuerv^h and drfxwman i>t I'obnli 
, tnPuihn r*f bttde iguram ruck* itmi ih* I'^hali Attala; infitw fuiiiiim 
in I.at.: Ffoiernmit Limr; Lll laic-r tutmsiorL of rlie Kill unity graniit; tang 
interni id elusion; md dtpodlipn *ii [^(luvnfiin slriU in die sen, I Sfctioii 

mndified after W. l\ r OtEllfti, Oeulrgjdll Sunrrv *‘t Catut|jirt 


lava sheets, mostly not over a hundred tret thick each, accumulated to 
a depth 01 at least three nr four miles. 

Toward the rnd of Proterozoic time, all H utopian rocks of the Lake 
Supcriur-1 .:«ke Huron legion wetc more or less folded, and thru in¬ 
truded b\ b.itUdiilvi ui the vo-cilled Kilim -hm granite, Accotupain tng 
Figure 2JJ gives a good idea of thr general triaiinus ui the HumEumi 
rocks and their structures To the Archeozoic in rhe Humman type region. 


PtEDMofcT Pi.mu; ivi> New (Snglanb 

Rocks generally classified as o i Afgnnkiaii ( Proterozoic) age occur 
throughout rhe Piedmont Plateau of the eastern seaboard of the United 
Stales, The* ate particularly well exposed and b*il known fmiu Mary- 
land north to the vicinity of Nm York City, wJlctc the! comprise sev¬ 
eral mtregimentary ifrics, rhouiznth-or feel thick, intruded by pioforih 
rucks varying from granite to gahbra. In ascend mg order the principal 
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rnrtaicdimrntary fonrntioitt or scries arc quurixitr crystalline liiisest&rie 
( marble), mil schist, with *itor iiitrsc^tated beds of iitetjunorphuaed vol¬ 
canic^ all in oonitirmiible irnmj^mrnt. They r^t by hj in: mi humify 
upon Archcoaoit rocks* An iniconinmhty also thrrE. mmi 

overlying early Paleozoic (Cambrian) strata* 

Proterozoic mrtomurphctfrd strata more or less similar to those of 
the Pjcdmnnt Plateau occur in westrm New England, but rheir classi- 
fixation and real extern have nos yet been very definitely settled. 


Rckzky Mol:NT UN R&H0N 

Periapt the larptst known >jngte area of Proterozoic rocks in North 
America i* that in the Ruck} Mountain* OS Lhc northern United States 
and soiithem Hriii-sh Colambil. These jn rks gmcfalh xc*t upon eroded 
Archeozoic, and they air overlain n neon ton nahly by Cambium nr still 
younger strata This unconformity may mare precisely tv oiled a dis- 
conformity because the Cambrian and under lying eroded Proterozoic 

strata usually have parallel or nearly parallel strurifiettion suriaccSn 
Tilt r<jL Liiii'i^T iiwrtfly u\ qu a rt/itrs, jiiT touts, shales. and limestones, 
asLwriutnl with remark ably little ignrmis rock. Their thickness is usu- 
alh two to five milre. Some of shi strata (in Mini turn I coutum 
fossils. Thus far no *aris factory widespread ruhdi vision of these rocb 
has been determined. 

In Glacier National Part. Montana, 3 system nt p radically un¬ 
altered later Proterozoic strata, fully two miles thick, forms a vast block 
whkEi ha* been thrust faulted over Lite UetiQKok 1 errata i Fig. : 

In thr ltd* Mountain* of cciitral-w^Jeni Mumuiiil, a number of 
Protero/ok vdimentary fornuUinnv, rowdier called the HrU iynt/n, 
reach a Total thickness of over 2'W* fc feet The lower portion of this 
system has been metamorphosed im" schist and ijuartzitc* while tbe 
upper portion is mainly little uttered stale t limestone, mid sandstone- 
Thru- rocks were notably folded> in part mcEatnorplimcd^ and somewhat 
eroded before Cambrian strata wrrr hud down u|vjn fltmu 

l arthtf ‘Mmth itt flue? Rocky Moumjtitis, rnetsduirphi j^I Prmrmwm* 
strata often dank larffe bodies of Archeozoic uicta ay in the Wind 
River, Big Horn, and Colorado JTnni R;m^ J These strata usually 
show steep dips i Fig. 234 Similar .strata arc also well represented in 
the Uinta and Wasatch Mountains, Quartzite* are common in mus t 
of the southern Rocb Mountain areaj. 
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Tic, NVgrly rnlfrnl hctE> Pfritriwnic rfim f rAi r «m fchv Milr uf *Ut 

I'Viiursiiiu Friint JLintfr, Thon*p«ia Cdiij-'rin, Colorado. (Ffcuw bj \V„ T, Lt* s 

L, S. GraE^ificit Sur^y.) 

GnwtV Ca\V(j\ rji ARIZONA 

Far down in the Grand Canyon or the Colorado River, tfu-re are 
excellent ceposgtes of PftHeTcwoic rocks f the tirand ihinynn system) 
wirh their telattniM. to die Aidwozoit Juai tlic S’aleo/xiic well exhibited. 
The Archeozoic rocks compmiii* Emm to, whists, and gneisses, were 
profoundly eroded hrmre the immediately overlying Proterozoic forks 
were deposited, The Grand Canyon system consists »t two important 
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series. The lower one (Tnior), nearly 7&GQ fevx thick* as mostly 
sandstone and shale with some ?il!n and Lava-Hows* The upper &rncs 
f Chtitir ’J, separated from the lower by a alight unconformity* k over 
icet thick, and it is made up of shdeE, s4Uid*ronc* r and limestone*. 
Both scricf are filled amt faulted, ,ind they are «■ pa rated from imtnedi- 
at fly overlying man nr Cambrian strata by a profound uitwn^rmtiy. 

The Grand Canyon system must have been uplifted, tilted, and 
but ted. with production of blodt mountains, and Then eroded hi a con¬ 
dition of low relicE before submergence under the Cumbrian sea. These 
Imtorical fact> are plainly indicated jo Figure ij*. 


CAJ 4 FOiMA 

In the Whire Mountain? of middle-eastern California* there is u 
serin of several stratified. somewhat metamorphosed formations oon- 
ristillg of iJolaimtic limestone, quartzite, sandstone, and slue, several 
thousand feet thick. Tltrsc formatiofs are cuusidtmbiv folded, mi 
they lie uncon format U below I Anver Cambrian vrrara, 

Cf,051? nr THE PROTEROZOIC ( KtLLARVET RrYOLFTTOX) 

The Pmferozoic era seems to have closed with North America all 
i.uid, wider than at this present time. but not ncarh so high on the 
average, 

Canadian geologists have recently presented evidence to shrnv that 
a mountain range at least yw mil® long, with a nearly east-ww trend, 
was formed across middle Minnesota, northern Wisconsin arid Michi¬ 
gan, and into southwestern Quebec. Late Proterozoic and cider rocks 
were there folded, uplifted* and intruded by tile Kdlurmiv granite be¬ 
fore Cumbrian strata were laid down upon the eroded edges of tlLe 
ProirrorrMC. Tbit range, called die KHIamey Muuniitinx h probably 
the oldest known dr finitely hn'ated mminiain ranite on the continent. 
Only the routs oi it now remain 

Et is quite certain that there were late Proterozoic upturning? and 
uplift of strata elsewhere. as in she Grand Canyon region of Arizona, 
but a* yet we have rui accurate data in regard to tile dimensions and 
trend of the resulting mountains. 


PROTEROZOIC I IFE 




Proteilqzoil 1.1 HJl 

Some more or Iras determinable fogrih 
have been found to Proterozoic strata* 
particularly in Montana and in tlie Grand 
Canyon of Arizona. They include algae, 
bacteria, worm track*. ipongr iptatta* 
primitive hrachinpnd* and fragments of 
crustaceans* Protozoan shells have been 
reported frtm the Proterozoic rocks of 
France, #b The traces of pre-Cambrian 
{ttmnaJ) life, thoileh vt-ry meager, ate 
diffident tn mdicatr that the development 
ii t life was welt advanced hug before 
Cambrian imie begun. . _ . StratigraphL 
cdly, tliis fragment of tvW must have 
been a forge hum el occurs over 9*000 feet 
beneath an unconformity af the base of the 
upper portion of the Lowej Cambrian in 
northern Montana'' i C, D. Walcott)* 
More animal fossils arc quite likely to be 
discovered, though the remains thu* far 
found are those of very,- thin-shclfod crea¬ 
ture and hence not so favorable for fossilt- 
zarion. Most animals of the time were 
probably \\i tfaout shells or other hard 
parts. 

"Walcott has described a number of 
species of limy hIjiuc from the Belt system 
of Montana. These algae were very 
simple, single celled plant? 1 thalloplrytcs) 
which lived in water* They were hrmi- 
spherica! or cylindrical budics which 
secreted l- rudely concentric foyer* of car¬ 
bonate of lime from cute to fiitern iuchts 
in diameter. They occur in distinct tads 
through hundreds or even thoWaiids of 
tcer oi Proterozoic limestones. Well-pre- 



Inc. 2%$. Strucluie action amn* die Grand Cfottvon of Atizamu Granite and ghcU* (nr ichiiil fitt Arriimrok- 
t-nkur i*i Prclraiifoic and Tontn In Kalbab lire I'nlraitMc. sAftrr N. H. Uatum, L\ S H GtiilnuScjt Survey.) 
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served algal remains occur in the upper Junes re me formation in Glaser 
National Park [Fig, 2JC*L Similar fossil* have also been found m the 
Grand Canyon sjrctrxn in Arizona* 

Walcott has described w hat wrm m be fossil bacteria (ringjiwllrd* 
tiny plants) froiF late Pmierozoic roch, Clfbonare*N^ muter* a!, ifi- 



Fit- Conctimk Sim? remain a of a group erf Pinirm*r>ir algae from GSurrer 

FirL. Mon-taiuu ( Phans by Cam I I L Fciiiojl J 


clu.ding graphite, so often Jissetfunatt'd ihrough Proterozoic ^hale* h and 
schists dmi»t certainly indicate the presence of life. Likewise beds of 
limes tune and bedded iron ores, so abundant in pam ot the Proteratok, 
are randy ever known to have formed except through the agency of 
orpmsansL 

PaoTERozoic Cum at e 

Since the gre^t masses or Proterozoic sediments arc of quitr rh-- usual 
sort like those formed in later era*, and rince life iturtly existed, we can 
be certain that ihe climate of tllr time was- favorable for the operations 
of ordinary geologic process and hence not fundamentally different 
rresm that of comparatively recent geologic time* 

The widespread occurrence of a glacial deposit at the base of the 
Middle Huronian series in Ontario bfts been mentioned. Tills deposit 
quite certainly shows that an ice sheet covered many thousands of square 
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miles oi the area between Lake Humn and Hudson Ray. I* h the 
earliest known record of glad anon* 111 is proof o i a climatic condition 
favorable for glaciation sq e#rlf in the earths history is indeed *l£- 
ntiicanL It shows that the tempera! urr uad atmospheric condition* of 
the earth nearly a bill ion \r\ir* wai not fundamentally different 
from that oi ihe present period of g«j)ogiad time* 

What la believed it- be glacial rill of Proterozoic age lias also been 
described from South Africa. 

Very distinct evidence* of glaciation m late Proterozoic tittle arc 
known from various parts of the world* particularly in Ckrna T India, 
Norway, Greenland* Australia, ami western North America. A few 
occurrences will he described briefly. 

AI the hu terns of rhr thick section of Cambrian strata in China "on 
rbe Yangtze River. $1* Lilt,. i.c- a* tar south ns New Orleans, noi high 
above sea level, a large body of ginrid material t i 70 feet thick) was 
discovered. . . * If demonstrates the existence of glacial comlilions in s 
ver low latitude in the early pAlcoywfc" ( R. Willi*). 

At Lai. 70* J N. in Norway, glacial deposits 0011 tuning dearly stri¬ 
atal pebbles have hern found retting upon a distinctly smoothed and 
straEttnl surface of hard ruck. 

In southern Australia glacini beds of similar age and considerable 
thickness are distinctly folded ulorig with the enclosing strata. 

Black welder hai recently ctecribed *1 gUrial deposit older rharc Mid¬ 
dle Cambrian, and probably of late PmSemr-oic age. in the Wasairh 
Mountain* of Utah, 

It seem reasonable to associate the glacial conditions with rhe ex¬ 
tensive uplifts and mountain-making in so many parts ot the world when 
the higher general altiiudrMit rbr land* caused CeiDperaturrt lower than 
normal in the various regions. 


CHAPTER XIX 


PALEOZOIC ROCKS AND HISTORY 

General Statement 

The Cambrian represents the cat I lint period of the great Paleozoic 
era, and the rocks which makr up the Cambrian system include r ht oldest 
known of the normal fossil sjerous strati- Since these strata are the 
oldest which carry abundant organic remain*, it follow* tbit they are 
the earliest farmed rucks m which the ordinary methods uf subdmd- 
ing and correlating rock masses ran be applied, Fmin tile Cambrian 
nn L the legible records of events of eft rib history are tar morr abundant 
am! less defaced than those of pre-Cambrian rimc + From now on wc 
ihall be able to trace the changing outlines of the relief feature* of the 
OKI if nan? and the evolution of organisms with some degree of definite- 
ness and wltitficiiriri + though a vast amount of work vet remains to be 
done both as regards discovery of flew record* and die interpretation of 
records old and new, 

Cambrian Period 

Cambrian Rocks, On the accompanying map (F<g* 237) the $ur- 
face distribution of Cambrian, OnU>vimn, and Silurian strata it shown, 
that is. the Locations of the areas in which such strata are known tu 
outcrop. Thr surface rit&irthutioil os the rocks .is indicated on this map 
gives nn adequate idea of the former or present real extent of strata 
of the ages represented, since strata have either been removed from so 
mam districts by erosion, or are concerted Under later formations, or 
are highly folded so that outcropping edges only arc at prr*ejit visible, 
A fair idra of the minimum original extent of any system, or part of a 
system. of marine strata (e.g.* Cambrian) may hr gained from -1 palco- 
geographic map Fig, 24.0) which shows the extern of the sea in 
which rhf strata were deposited, 

Tlie prhidpai area# of Cambrian strata are in New Fngtand. south- 
enstem Canada. \W York, the Appalachian range, south of l_akc Su¬ 
perior, ^utbeastem Missouri, Oklahoma, central Trias, Nevada, 
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crn California, anil ar various places in the Rocky Mountain region. 

Cambrian rocks consist very largely ot shallow-water sediments such 
as conglomerates, sandstones 1 Fig* ), ami shales, with well-preserved 
ripple murk* very common. Deeper or clearer water deposit* such as 
limestone are. however, important in the Appalachians. Vermont, 
vsda, the Rocky Mountain region, aud British Columbia* The thick¬ 



ness of Cambrian stmts in North America generally varies from less 
than iouo feet, in the Mississippi Valley, to a maximum of over l8,txx> 
Icrt in the southern Appalachians. The Cambrian system shows maxi¬ 
mum thicknesses of ckho tu i2,txx> feet in Utah, eastern California, 
and thr Canadian Rock its. 

North American Cambrian is singularly free from igneous rocks anil 
thus presents a remarkable contrast with the preceding eras. Cambrian 
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strata arc more ttr less metamorphosed in various region* at ill Tin: 
southern AppalashiAns, Nw England, uml 'Utw of ihe mtmnraiiLS of 
the West. 

Cambrian History, flasat L’wroft/ernftfy. We have already teamed 
that a profound and seemingly almost universal u neon forum tv separates 
the A m hewwic ~iid Pruictoifoic rocks. Another great tineottfnrrrufv 
separatrsr the frwoic and Pnlwnic iiK'tv Cambrian strata seldom 
fail to rest upon, the eroded sun aces ol either tile Afehcaroie or the 



tie-2J&. Luwrr Cambrian Hr.ifa as Deep Spring Valle*, l-'alirirnij, 


Fmtemiroif. In m.inv regions it has Wen shown that the Cumbrian 
ccdirnrni* not only rest upon nit eroded surface of older rocks, hut aloi 
that the surface of these latter had hren wnm down to the condition 
of a more or less wtU-dcrclopcd peneplain. Accordingly, just before 
and during earliest Cambrian titue, most, if not all. of North America 
must have hren dry [and Steering erosion. Conglomerates containing 
pebble* of the older rucks are of very common occurrence at the base of 
the Cambrian sediment*. The great duration of tins erosion interval 
which produced such a profound uiutfmfaunity, not only in North 
America but in other comment* as well, it regarded m one of the 
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greatest physical rvents ot its kind in the history of the earth since late 
Proternaaic lime, 

Cumbrian tan. During I -irtv Cumbrian rime partial submergence 
nr America rrsultpd in th*- development oi twu kmtt itArrcrw 

arm* of the sea, one in the and tlw other in ihr west. as shown on 
the accompanying map, Figure 2#)* These marked the beginning of 



Fie,. 4 Inarr.iEkvd pornographic map *h*rwjnfi *tj and lanJ men* in North 

America during Earlv rauiluiJii turn. White arca% laml; ruled areas, sea, 
Principal data tmnditicii i> 1™™ map's bj H- WllUi aud C Sdnidwrl. 


the Appalachian and Cbrdillerati £eosynctme*> rapecrivdy. which were 
more or less persistent during early and middle Pabrotfok rimes. As 
we have already learned, such a submergence may have been prod nerd 
either by rising sea fevcl or subsidence of the land, Or both. In the cane 
of the Cambrian submergence there appears to he no stipe from the 
conclusion that a rise of the »*jI was an importsuU factor, because the 
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development af the extensive peneplain surface above mrnriminl implies 
that the continent must have remained alnimr unn fitted hv di.istmphpc 
movement lor a Ling rime* and the tremendous volume material re¬ 
moved anil dumped Efttfl the sea must havt very appreciably raided a is 
level 

Wherever Lti \\xx Cambrian marine struts (actually cxjhrfrd nr enn- 
ceaird ) rest directly upon pre-Camhfbii rock* \\ r can be "nie th.it *udi 
areas were submerged under rite KarSy Oiniln..m >n. because Lower 
Cumbrian strata could have formed only during that timr, I n these 
areas must hr added itill others from which oitte present Lower C tm- 
hrirut nicks have been removed by erosion, Again, many lar£e areas 
were alu^st certainly dry land during Earl) Cambrian turn- bceeiiae 
there h tint tin* slightest evidence of any ^irr that dejHiuthn went on 
over thot* areas during tit at time* The principle^ here wr forth are 
of fundamental importance in constructing a paleageographik- map nf 
North America lor Larly Cambrian time, ami the same principles: must 
be kept in mind in considering the palcogeography of any given region 
during any succeeding time- 

A opn$tdej-ablr withdrawal of thr eastern arm of tin- ira i^periaHk 
in the north ! marker! the di^e of Early Cambrian time, Imf rhe western 
sea (or medireirnnejui) become somewhat larger, especially tmm Idaho 
eastward- This was the condition of the continent during Middle Cam¬ 
brian time. 

During Late Cambrian time mote and more uf the continent feuded 
ta become submerged until the geographic vane!itinm weft much .u de¬ 
picted upon fhe next pdtageograpllic map (Fig. 24*0 The iea trrulT- 
gressed northward over the great interior land tn about the northern 
border of the United Stares forming a vast interior sc^ Fully one- 
third of the confine nt was flooded- As the map shows. their were six 
large land arras—Appalachia, Antilti.i Caiutdiau Cascadl^ Sinuxia, and 
Mexico!*. These ust land areas, with somewhat changing borden, were 
remarkably persistent during the repeated early and middle Paleozoic 
flooding of the continent. 

The north wars! transgression of this great interior sea sn the eastern 
Unified States is dearly established by the fact chat studies of actual 
outcrop* am! deep well sections thnw successively younger and younger 
Upper Cambrian sediment* deposited b\ overlap northward upon the 
pre-Cambrian nxk surface. We also know th.u this interior >ea wav 
shallow because nf the nature of the sediment* which are wry largely 
clastic such as sandstones and shales, often ripple inn rfcrd. and with cun- 
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glomerate* at tile bast. Some he,iv\ limestone bed* lik** those in eastern 
New Yuris, am! between Virginia anti Missouri. Tell of clearer, posribty 
deeper, water in those places. 

Clast oj f’i r. ,il. Throughout Cambrian rime, and even at its dose, 
North America was not affected lu any really great physical disturbances 
such u mourn am- making or igneous activity. 



J-'iO- na Griitrafind (•alrfrgtf-HripyJf map ■ timing -fa and l»nd arms to North 
America d urine Lau f imbrian time. This vra* the greatest Cambrian m, 
While jrta>, land; ruled areas, sea, Plineipal daia tnwlififdt irem iaap* 
bj ((. Willis and C- Schucfcert, 


A belt extending Irom i trnvout to northern Nnv BrurLswick svtis 
considerably elevated* probable without much folding, at the dose of 
the period os proved by R conglomerate of early Ordovician age resting 
upon the ifismrbed and eroded late Cambrian strata. This Has been 

called the Cttfnarti Disusrbamt. 
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According to Svhuthert the Cumin uni |w:rbd elided with 1 > very 
wide and probably complete retreat t»f rtu- epcirk 1 urn til lent al s ^us* 
from rhe inferior parts o: North America, Laving r!ir ,-flfitineiii *11 or 
nearly :tI1 ilry LnifT Million* of years ut ertttipn hm! reduced the 
lands of the continent to low level with little iclki. 

Cambrian Climate. Wr have fit read i learned that comparatively 
fitgh lands, with ftCMimpaisyfoj; glaci sit inn, m;n keil the dosing stairs uf 
tfi-E Ptoirrozoic era in many parts <d the world. Vert early in iIip 
C ambrian period, however, rhr land* were general!; Iittvn. nod facial 
conditions no longer existed. 

Tlic character and widespread distribution or many or the organist is 
of the time Icspechdk those which secreted Unit from sea water) 
throughout haw and high latitudes, and also tin coitditions favorable for 
irdmary processes of wearlii'nii^, erosion | ju-I dr|Ki>itioii or .edirnen^, 
indicate that the climate of Cairihrian ttmr was not ev-irurtulh dtffeiriTt 
from thau of comparatively recent geological time but tSi-se climatic 
conditions wore then much more uniform over rhe earth than now. 

OartW’ltUS- I'fRcnr. 

Ordovician Rocks. Mo*t of ihc regions indicated in blade in 
Figure 237 contain large nr small ar^s ut outemps of < Irdnvician strata, 
thus showing the remarkably widespread sumo: distnhutmn m str-LU 
of ihh agtr. It is also a significant fact that most ot the widely dis¬ 
tributed Ordovician strata by far were LluI down under sea water* 

The surface dlstributum uf Cardbriim uud Ordovician struts is much 
ilnr same swept for the presence uf Oiduvkuut and lack o i Cambrian in 
flit Arctic blarhlv 1 Lnkoii Ihiy region,, arid the Luge ,irra suuthivor of 
Hudson Ray* Viewed in a broad way, the Onlnvirintt rocks < especially 
the Lower and Middle] arc of different nature from those of rhe 
Cambrian* Clastic sediments such us conghjiii crates, Mudstones* am! 
shales, arc ihc dominant Cambrian sediments, while, throughout the- 
Lower and Middle Urlovldirt* limestones gre.itly predominate. Msd- 
Ordovicinn is generally regarded as having been urn- of thr yfruiest 
limes tone-making time* fu the earths hbton, flir Trenton and Rl.vk 
River formations being raped rdh widespread r Fig. 241 \ The Trenton 
hrorsttmu may he especially mentioned as u remark able example ot a 
relatively thin formation of very great extent. It h seldom more than 
500 kef thick lit oonabB very largely oe highly fossil tfcrnus marine Hmc- 
aluttc; ami It once existed m a single. unbroken sheet of rock over mi 
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□rra of several hundred thousand square miles of flic Nw York-Ap’ 
] m! nr hi-in Mountain-Inferior Lowland region. Much of the orjgin.il 
rock is still left at the surface or uitdtr cover of later rticks. 

The aggregate thickness of Ordovician strata in New York is from 
2001 to 40O feet; m thr Appalachian Mountains, v** 1 to ieet: 

in tile ventral Mississippi Valley fe.g. Missouri). 11W feet »F less, 



F61 34^ Trcntuii t3rn«n>rkc (flun-licddcd) warns* upon mav-Svc Blark Kwer 

riT jt HoonMilt, Vnrk. 


in the Rocky Mountains several thousand feci; and in eastern California, 
51 XK.fc fccL 

In pairs 111 New Kiijiliiiid mil the western United Stales, Ordovician 
*UfeU arr often notsbi) nnetajiKirrhi^d. 

Igntnus rock* art very little represented in the Ordovician system 
of North America. Plutonic ruck* are practically unknown, but A rt' 
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nurk^bJr h that of wmal fhiii bed* of Middle Ordadcian 

vulcanic a*h blown within mi area *\i several hnmirrd ilimiyirid opiate 
milni nf rh^r Appalachian u-^urn nnd eastern Inferior l on*]unit. Middb 
Ordovitaem vulcanic rocks occur in abundance m Newfoundland ami 
more locally in u part of eastern Quebec. 



Fjcl 2+2. OfcHtrflllztd pilMgcfr^rapbk map ifaawfoj; *ea and ill nil tt/ra> in NurtJl 
America during Karl> Undovidin time. WMu arraa* baud; ruled art^KL 
Principal data i modified) Emm auptby C Sefcmhm jruJ A. Grqfcstu. 


Ordovician History- / Ac Se/ir. Viter the cifvnsicr ernes 
iritfcfi caused practical ]> dll of North -America tn In- n Lm,] a t 
the diw uf flip Cambrian, the sea began, in Early Ordovician time, 
to encruidi Upon portions of the continent, B> the middle sn the ! .11" v 
Ordovician rtiorrnu' waters ovcTipmuJ the ureas shown on c he amain- 
pnriying map ( Fig. 242 J. Early Ordovician time sec-ms to have dosed 
with a gene nil disappearance of the marine waters fitim North America. 






























































































































































I VKum id \N f'l'RlOD 


331 

Thr uufiftiJidmg Mature of the Middle Orilofviwn physical hittory 
wm the gnrttfcsi known invasion oi the continent hj marine waters. Be- 
£:nnmjr with the continent dry land, the sea more or !r-$ imdtially 
Efirrad until (he midst me Middle Ojdavjdan time when the grani di- 
ttulx wa> reached m thowri b) Figure 24J. At iea*t iwcMliirtk oi ihe 



Fl« 3 . * 43 , Gene rallied pnlrogro^ra^bie tnip riiouine hji and land area'- m North 
America rhiriup Middle, mad aim during L;m- ( Ordovician tirrn-K Thi** 
wrr< rllr gran fit known. ^4* ill ihv of the CodlJfielif. White 4 tc4a t 

laud; ruled flcwfli- h-a. Gn 1. a* 3 ate putt of Canaries Pdndpnl dmn 

\ modified * tnjiu map? I■ n |t, \\ ilit*, t- Schucbm, atill K. CliJiiiWrlirL 


conritTmt wn siibttiei'Ed- The land* were tow, erosion wits not very 
active, the seas were wide, and. therefore* retail'd j litilr land-derived 
sediment was deposited on flic tfer of the widbpte 4 d cun tine lit n I se^ 
It Wm* rather, a time uniiuinUy favorable for fttmstOfM making, and the 
rcni&rluhly extensive Trenton limestone was then formed- This vast 
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sea teemed with invertebrate fonra of life, including thousands m spcdcv 

The dchir uf Middle Ordovician timer wm marked h a wirlidtawal 
of the marine waters from all of the continent excepting the general 
Appalachian Mountain area ami westward to Midden and Ark msts- 

Late Ordovician time was marked bj □ renewed prat transgression 
of die sea which was aJmust ai extensive, arid covered nearly the satire 
areas, as the vasr Middle Ordovician aril. This widespread sea existed 
during the midst of Late Ordovician time. 

Cleft 0/ oh- OntbPiritm { 7 Vottir RtTvlution ). The Ordovician 
ended with important pEiysical or crustal distilrbaiurcSj including mourn 
tain-making. All, or nearly alL of the great interior (epeirk) sea 
appears to have been drained a* j result oi change in level between 
land and sci at the close of Ordovician rime. In the jjiietior of the Conti- 
1 lent rhe land was only moderately elevated to remain dn until the 
early parr of rhe next period, 

Thousand* nf feci of Cambrian and Ordovician strata aceumiilnted 
in thr seas which covered eastern New York, the sites of rhe Green 
Mountains and Berkshire Hills of western New England, eastern Penn¬ 
sylvania, and possibly a» far south as northern Virginia, including part of 
the Piedmont Plateau area. Toward riis 1 dc«*e oj the Ordovician period, 
a grrar compressive force was brought tn bear in rhn earth\ crus! upon 
th Is mass of strata. Ai a result of the eump region. the strata were 
tilted, folded, and elevated above sea level into a mountain range which 
has been called the Tronic Range, and the physical (ofogenic) disturb¬ 
ance ha* been called the Tact*nit Rtv^talkn, J11 structure, thu range 
Ctitmstrd of a series of folds, both great and smaU T vN-lvi-sc axes were 
parallel to the main axis of the range,, that t* north ■niflrthr&ft hy south- 
southwest. Though we have nn way of trlEfug iusr hfnv high the range 
nuy have been, nevertheless the structural festuirr* and the vast amount 
of erosion since the folds were produced etesrl) indicate that the uplift 
was at least some thousands of feet. 

How do we know that the TacttnEc disturbance! took place toward the 
clntsc of thr Ordovician period? Strata of the next succeeding period 
f Silurian i re*t directly In placer upon *hr ended rdges ut I ite Ordovi¬ 
cian rocks 1 hence it is obvious that the di*TiJT hawer occurred hclnre the 
Silurian strata were deposited ' Vig. 344), Also the disturbance doubt- 
less began before the dose of the Ordovician peri ml* Tfst* is borne our 
by the faa that, for example, in central New York a distinct eroded 
surface .'ll the tup of rather late Ordovician shahs proves that region to 
have been dry land before the cud oi the period, this uplift quite certainly 
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having been produced by the ear I y movements of the T aconk Revolu¬ 
tion. 

In Nov Brunswick, Silurian tirtiia rest upon the eroded edges uf 
upturned Orduvirian strum. and this upturning may have been eturtei- 
dem with the Tar tm ic disturbance. 

Sufficient blend pressure was brought to hear in a portion of the 
Mississippi Sarin, during the latter part of xht period, to produce j lung, 



Fid- J+4- Structure tcrtioci lEsmugh pan KHJ±htSltern Stw York showing how 
ihf Lit- Ordovician -.’iai! wcii; l&Eiitd Inriflk Reholmiiifl) and emded 

btl^re tht Silurian unui were laid down mieMfensfthiy upon them. Tftc 
Silurian 5Era.i1 \%trc deformed &t & much liter lime. 


very low arch in the mcki from sonihcrii Ohio into Fenncsseei This 
has been called th? “Ciiiriirntfi Anticline, 0 

Ordovician Climate. Red sandstone, salr p and gypsum in the 
Upper Ordovician of northern Siberia dearly imply an arid climate in 
northern Asia during ibe Jatr Ordovician. So far as cun he determined 
from the character of the rocks geographic conditions, arid distribution 
ni the fossils, the climare of North America and Europe must have been 
mild and much more uniform than now. Ordovician kssili even tram 
Arctic land&. are very similar to those ol low latitude 

Tile very extensive Ordovician rea^ allowing a much freer circula¬ 
tion uf water* between low md high Urftudefi, no duubt helped to keep 
the dimafr of fhe earth tnorc uniforms then than at the present time. 

SttUftMN P£ftlOD 

Silurian Rocks. As in the case oi the Ordovician system* most of 
tire region# indicated in black in Figure 237 contain large or small areas 
of on temp of Silurian strata thus showing thrir remarkably widespread 
surface distribution. Most of the suras of outcrops by far Ik in the 
eastern nne-half of North Amrrica* main!) in the Appalachian Mountain, 
Interior Lowland. New York* Great Lakes, Gulf of St. Lawrence. Hud- 
sun Bav. ami Arctic bland regions. Comparatively lew, small, scat¬ 
tered Af^Js uccur from (hr Ri^h Mountains westward* Certain points 
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ill comparison with iKc distribution ni f hr Ordovician may be mentioned 
Thus to a veri nm^derablv ilcgree the Nhohu jur! Ordovician h 
occur in the same areas, the chief differrnce* being muth more exteratve 
ureas of Silurian strata ill thi Arctic Isfnndi itpon. rbrir almost com¬ 
plete absence |ram the upper Sr. Liwtriice Valley* smd their much 
smaller rrprewmariiui ill thr mtdMiiS^ippi Borin, ItCHzky Mountains, 
and Great Basin nr thf west* 

The Silurian strata are, broadly considered. much 3it-e the Ordo¬ 
vician They Arc very largely shelve sandstone^ and linustones of 
marine origin and ultcii hi formations ut wide rxnnr Mcminn may he 
made uf tivo formations special interest— the L/jfi/flrt of Middle 
Silurian age, and the Sul inn of thr Upper Silurian, These air whirl v 
developed in tin- MLrisrippi Rarin and Appalachian i^gitiiw. The Cl ni¬ 
ton formal-ion neatly everywhere contains mtrmrntifitii bed* ni iron arc 
{hematitej. and salt beds of great commercial value arc almost invariably 
associated with the Salma Fanutfiofl* 

From central to western New York the thickness of the Silurian 4 ys* 
trm is from feet, Its usual thickness k from at* jo to ftioo 

feet in the Appalachian*, while in the Mississippi Valley ihr thickness is 
generally less than nvn. (ert. In Maine the Silurian *pfent contains 
lXicx> feet of strata and thousand* of fret nf vokanh un-L*. A thickness 
of shout cooo fret of Silurian occurs in central Utah, and 25W feet in 
Alaska, 

Plutonic i«fci of Silurian age are practical I v unknown in North 
America, hut volcanic xocb—berth hwi* and tuffs—occur in great abun¬ 
dance ip parts of Marne. New firutiswiVL and N-wa Scoria, 

Mote or less mr?nmr>rpflitted Silurian strata incur hi *mnr places as 
in parts of New England and the western mnunMins. 

Silurian History. The $e&n As a result of physical disturbance 
toward the dose of the Ordovician, much at the interior Paleozoic sea 
was drained, muring ilir 1-Uid area to be so much enlarged that k wa* 
iKt extensive ns at nny time since the beginning of the Palrosuic era. 
Thh was essentially the geographic Cumbrian nf dir continent 41 Hie 
beginning ot the Silurian, The boldest topographic feature was the 
presence ol the newly formed TmwuC Rafigc along the Atlantic sra- 
hoarch 

During Earlv Silurian time there was j more or W gradual rn- 
(Toachmenr of the mm until in the laivr Lath Silurian time when about 
one-thiol of rhr continent wits Hoodrd. Mw ->i rh« caitcm mierisjl; *A 
rhe continent, excepting Appalachia, Antillia. acid eastern Conadh, was 
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cavern) In a sli.ilInn- w*n extending from tin* (till r (if Mexico to fhr 
Ahctic Own. with an ami rhrmtfth thr >t. l-aivmirc Voile)- region 
in the North Atlantic Oct an. Coarse Early Silurian sediments ilerivtii 
from the yuunf* I iconic Munntnfns and rejuvenated Appalachia* wm 



F»r 24=5. Central] at J jmWgtugripiik map stoiiwlnj* «ei and bud a tea* \n Wtrii 
America during Mjihllr Miurian lime. Tbi- ua* shi 1 jcrrjtett Silurun. af jL 
Wlntt *1 reai, land; mini area's Wl Small cinrtn* *how Vi'lcinot* m Maine, 
Nr^ Bfiliuwiek, and Viivj Scoria, Pritkripal daLl {modified> frcun (najn hv 
C. Sdmeherf and H h Oiumln-riin, 


l^id doivfl in this m from N'nv York to Alabama, while finer sediments 
and limsiurte* were deposited farther west. 

The tlarl) Situnan seas of western North America were far more 
restricted, hut then extent is at present rather imperfectly known. An 
nrni of the Pacific Ocean probably extended across southern California 
aiid Nevada into southern Idaho. 
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At the clow <ii Early Silurian tirnr the largely withdrew* Jrom 

thr. iTMltCnCElt. 

In Middle Silurian twvr -i uraml marine iiivasiuri set in, radiine n 
tlirn.u in hie Middle Silurian time. Hm was ortr oi the four or five 
nml extemive flood* in thr knmm ^plj III Nurtb Aiwiti. Thr gen¬ 
eral relations of land and water a bout ;u shown on trap Fit:- 2+5, wet* 1 
much like those of Middle Ordovician lime with the exception ot thr 
much largct Silurian land itrtra (Siouxial in the: interior nf the continent 
hi ore than one half oi North America was coir red,, This vast sea was 
a shallow-water rpcirir -ica teeming with invertebrate numak. 

Hi hi a vm appreciable refrogmsfon of the Middle Silurian *ra 
ushered in Late Silurian Kmc is proved by both thr cumpai.itivrH re¬ 
stricted ditgrjbiiifon and the character of the Salma formation. Thus 
in itic eastern United States and Canada. Salina strata occur only 
through ports 02 PnmsvKitJua ami southward in Virginia in the Appa¬ 
lachians. purrs of New York, Hitchens tern Ontario, Ohio, and Michi¬ 
gan „ and they are quite generally character!^ J hy red sholrv .ind sand¬ 
stones, ind tv ’ult uud gypsum deposit*. Suds imiterhL imply arid 
donate condition^ with deposit jOti in cxtcntivi* laguons or more or l<>> 
cut-off Firms of the sea, rather than typical open sea ncmdicions. At the 
s^nse time arms of idle wa existed in thr St. Lawrence Basin, and prob¬ 
ably HCrtK^ -out hem C-iJifornia ami N evada. 

A vet) lute Silurian 'prtsid from eastern New York writ ward 
over the Safin,1 lagoon a teas and into ? astern Wisconsin, and tmm east¬ 
ern New^ York southward through tflr Appalachian district. The St. 
Lawrence and Cali forma-Nevada amis of ific sea still persisted. As 
far Ai known the rest of the Continent ira* ilr\ limj. 

Cfou of thi Siiitritm* At the dose of the Silurian, or openiii;: of 
the Devon in it, ihe Silurian *ea withdrew from the area from central New 
York to Wbcottsin and hut few comparatively miaU areas of North 
Aim-Hot remained submerged. 

There appear to have been no moimiain-mnking fornjiemO move¬ 
ments and no import ant epcirogetiic disturbance* ai the close of the 
Silurian in North America- Because of the comparatively quiet and 
gradual tnuMiricm into the succeeding period, the Silurian and Devo¬ 
nian syjifrtm are u* unlit hot shurplv wparated from epeh other, and often, 
o$ rn Sew York and in the Appalachian region, there has been difficulty 
in saiklactorily dividing the systems. 

Silurian Climare, The genera] distribution and character of the 
rocks and thrir fossil content point to more uni form climatic conditions 
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than those of loday. Fo&ik m the A retie Silurian rucks are not c$Kfv 
tially different from thrr>r nr low laimulo 

l-'riNPri central New York aerntt tn Michigan nt tca$t< rhtre ttac 
an arid climate during rhr Sditsa epoch, as already mentioned, hut this 
was probably deity locaL 


Peudd 

Devonian Racks. All known areas of outcrop* of Devonian strata 
in North America occur within thr regions showing the surface disrriW 
■mn of Devonian. Mississippi:] 11. and Pcmftt Ivaniat! strata as indicated 
by map, Figure ^47. A* in the case *d thr curlier Paleozoic strua 
(Fig. 247), and fur reasons silupady stated, w here thr map L Fig. 147) 
ihtiws by no mollis the full extent, present: and pJiai, or thr Virata. A 
comparison with thr Silurian shows that; in the eastern part of thr entt* 
tinrntfc these two rock systems are very similar 111 ihsmburian* chough 
the Dtnuniau ss jWih from Newfoundland and is ot much larger extent 
in New York. The unh uriu-r important differences arc a much lurgrr 
Devonian area in the Mackenzie River rvgirjn jnd niudi smaller areas 
in rhe Arctic Islands. region. 

Devonian strata arc very largely marine limestones, shales and sand¬ 
stones. formation* of which arc often of wide extent. The Devonian 
system in N<rw York is remarkably Compkte, widely exposed, and but 
little diaturhed from its original condition* 

Two nt the most imeresting Devonian fomiaritim are the Qn*ndn$a 
and the Cfiniilt* The Onondaga limestone formation «t mid-Devonian 
age extends from eastern New York and Pennsylvania westward tp 
northern Michigan and southern Illinois. Irs thickness is seldom over 20 O 
feet, ami it is uiten largely madr up of corals, as tar example nt the 
Ohio River rapids near Dndmlle* In northern Maine. New finite 
wick, and Nova Scotia, the Onondaga liuinmne ri widespread and 
apparently many hundreds of leer thick It 4 $o occur? at ihr south 
end of Hudson Bay. The Carelrill formation of southeastern New York 
and eastern Pennsylvania h largely sandstone of shallow-water, ram- 
marine origin. tjtx* to fkxx* feel thick- Ir is probable a great delta 
deposit, as pointed out beyond* 

In the northern Appalachian Mountains the Devoniin secern attains 
a maximum thickness of some ot 1 5 ,*jmo feet. In file southern 

Appahudisan5 the thickness is usually less than tv*jo feet. In Net? 
York state the system Ins a thickness 01 41™ to 70m l«i + Over much 
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nf the upper Miistwppt Valley tin- thick m** i*- mmrriilh lr>? than lorn 
feet. though mthrr locally. in OhjcK a thuhin-s* nf fully ■=* 

readied. In Nevada the syiTrm appears m show *»■**■ sect liifttainrie 
and shale. In Utah the system rictus .i thickness in about rrrt. 

Both plutontc uTif! woTraiiit rocks di Devonian uccur in eemsid' 
erablf qulhtiik* in paro of XViv t n^Lind, Nriv ISninsunvk. Nova 
Scotia, And soythtaitem Quebec* Their riuplamiicnt vLCuiupanied the 



t-V,. 14^ An anticlinal fold hi Silurian strata in the Apr^liuhiaTi Mcpuntftms. 
Tht eetnipifiinu-A had* arr uftdftuur. Npai Cftftiui ¥utgt a Virginia, iFJ»r*o 
hv J. s. Grany.) 

larrt Devonian mountain-mating descrdstil beyond- Devonian (a™ 
occur in northern California. 

In parts cji New England and north to rhe Gulf of St, La wrench 
and -iLo in some places m ihc mountains or western North America, 
Devonian strata have tutu more or [r» inctanioi'pJr.&setl, 

Devonian History, 77j- Srm. In rjirlirst IWimiaii time huhi nf 
North America appriirs to haul- bem dry limd, Inspect imi «it the pilco* 
geographic map \ Fig^ 14 &} of rh.it tutu- shows that marine waters 
occupied a long; narrow area in tin* imst. Thin sound covered tin; mt$ 
of the Appalachian Mountains, wtSMn NW KnubinL and the St. 
Lawrence* Itasin. cuttnecting tbr ks! named ru^iuti with tike tjqlt of 
It UMi much like the Earlj Cambrian *oUnd in tin- 
region. In the w«t* an arm of tlir reached parrs nf Cali- 
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forma, Neva da, Utah Idaho, and western Mnnmua, Pari- 01 southern 
Ab&b unJ the Arctic Islands region were mibinetfitiE 

An outtraudmg tenure of North American Dcvotmfi history w» 
the mmr nr Ir±* *imd> advance nJ marine waters from tlif hcgiimint: 
of ihr period m beyom! rhr middle. This murine inv^inn, first in the 
esst flfirl rhen in rhe wttf« reached a grand climax in hie Middle EJe- 



Fn; 147. Map fciOTm arr^ af fniirtT^i (tiHfn diiftihudfuili at Ht vn- 

■iljfV Mts*iiii[spiull jj*d PttniHlkaiilin Simla lii North AiutHta- 

vooijcn rot Hamilton} time when rally 40 pet cent uf the continent 
wa* submerged ,1* ihuivn h> map, hi gun? 149. This wm one of the 
five or *>i% greatest known floods in the history of North America. Ii 
should be tinted rhit Appalachia and Canadh were connected across 
New t.Ti^land and rhe t pper Si* Lawrence Ha^ui. 

The jenrur sea which was so extensive in the late Middle Devonian 
continued to cover nearly the same urta' in cirty t.afr Devonian time- 
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Then, the sea began in retire from the land, fir*T from the east and 
finally I min the wrst, leaving the whole raitiiient h .i* Mr ^ we know,, 
dry land ar the dvw of the ptfftosL 

In New York alls! the northern Appalachian *hert was a 

Tremendous accumulation of sandstone together with more sir l«* sh.slr 
and conglomerate. This C^T’skiii formation* as already stated, is largely 



FtG. 3+1 Gtflcrailmi pilrijgrofcraphie map *bowing mb iDll IlLud a«j% in North 
AmericA during Early HiYmiijui lirar, Whirt nmt, land; ruled ureas 
Principal dan {modified) fmro map* by C Schiifhf if. 


a shaUoW-wairr non-marine deposit fmm 15m to ft** fm thick in 
New York ami Pennsylvania. The few known fossils ire imn-mjiriiie 
types. This, together with the common occurrence m red shales, and 
sands tariff, and the great thickness of the beds, all point to the origin 
of this renurbiblt formation as richer 11 great delta deposit poshed out 
jut ij the vhall nu interim sea. or as an otuiuine or lagoon deposit- 
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Sn table ill Inning ft ward the west proves ilir muter] 4 to have ratne 
from rher east, doubtless from greatly rejuvenated Appalachia. Farther 
westward* over Michigan. Indiana* and Tennessee, The deposit* formed 



^irarrn Devonian v- j White sRiis taml; ruUd Ci ( i.i, ami tfj 

arc pam of Caw a Jin* and S if SitHHiia jfdnril m Mcikda. Principal data 
(inoititird^ Em 1 pe pie:b|> i i l«> H. WiKJinj C Sehuchfrt, and H, Chambe 1 Li 11. 


thr smut time were mostly shales, usually not over a lew hundred 
feet thick, 

CJoir a/ Mr DfPPflHUT f + /ritrfw« Jjdrt/uWGrt)* Rent mountain- 
making i* known to have taken place in only one region, namely, through 
cistern Nrw England. New Brunswick, Nova Scorn and Newfound¬ 
land- Tins fifls been called the Jrttdi wn JZrffo/u/ififl. Thr movement 
ot folding and 4evatinn + accompanied by igneous activity t hesth plntamc 
and volcanic)* began well before the end of the period and reached a 
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climax near i b close. Succeed in p Mississippi an strata rat by uncon¬ 
formity upon thr mute ui k>s upturned and eroded rocks of the rtfitin. 

TKr rise or the Ai-uli.m Mountain* uu doubt ib rrjuvrniitrd north- 

Appalachia that a Urge stream fycuu it produced tin? fcrat Lite 
Devonian, delta above described» 

Devonian Climate. The widespread distribution and the character 
oi manv nr ihr UisslIs. aft, for example, the corah which lived in The 
Middle Devonian wa. indicate rtther tniJd imd Uniform climatic condi¬ 
tions. There were local cnuddiuii^ of aridity, ainl g]ad.d deports have 
been reported from South Africa. 

Mississippi a jv Period 

Mississippi;*n Rocks, Strata of this age are abundantly reprts 
denied within mfi»t of the arras of ouirnap shown by f igure 247. 
In the m.T?.tem parr nf thr can fin cut the M iviisippian ami Pronsyl* 
vaninji sysrenafi often haw not been samiaetardy separated. In the 
eastern part of the continent, hmvcvrrj the two system* have 1 mu ally 
bet-n clearly sepaluted. A comparison with rhr Devonian shows that the 
Misskippian has ,h very similar surface distribution in eastern North 
America* and that tin 1 Missbuppian generally borders the Devonian 
area*. Thil i> lnv.ni?c Devonian *.uid;tmns gaftte tvsfji to Mississippill 
with no ^re,u iliti-rruprion deposition. 

A driii'i button feature ot special importance as compart;d with the 
Ordovician. Silurian, and Devonian is the complete absence ol Missisiip- 
piaii strata irum all of the northern niit-loll ol North America eAst oi 
the Rch Iv Mountain* wills the exception* d the Gulf of S:. Ldtvrtncc 
and Arctic fclimdf rvgrnitt. 

Most oi the Mi^is>ippun strata of North America nrr ordinary 
marine limcitones, iamistmtrs. and abates, hut then- are uinsidcrtible for- 
mitioit? of 1 con-marine origin. Two of the krrcr sire the /Wowo sand- 
-tunc of Lower Mississippi an age, and the Siuttth Cftuni shale at L'ppcr 
M issksippian aye r The Pacoiin ^uuLtom*, hivluiiiiig some thin beds of 
coal, extend* from northern Pemwyhaiifi tti Virginia in the Appalachian 
Mounthdn^ It cofitaiiH nitmertui* irr7rfttri.1t tos-ik hence it h nut a 
true marine deposit. Thr .Miiuth Chunk red* amdy shah- also occurs 
in the northern Appalachian district, it is cither a great flood-plain or 
ilidta deposit. Thr Upper .Misstssipp-Nm St* Ijntii limwtone lormtition 
it very widespread in the upper* Mississippi River States. 

The Ms^sssippinu systi-iu in eastern North America range* in thick- 
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nt^s frnm about fret m eastern J\‘niisylvaiiu ro only some hundreds 
of frer in the Webern per ft ert thr Kitnc stale. in the Mtsdsdppi River 
states the maximum thiol:tie® is 2506 f^-t, though it is i*enrriiJI} lr*s 
thruj iiKni feet. I he Ouachita MuLiiiiaut* c-Jiitain shales mid timesftmra 
about two milts tlmk. hi tint ivrttem part nf the ooriHturut ihkkncws 
or several rhenuanri feet (maximum over iceti have been observed 
at several places, while in other localities, as in the Black Hdls and 
pans of Colorado, it measures only a few hundred feet thick, five 
hundred tret mre known ill the Grand Canyon of the CoJorfldu River. 

In Nova Scot in an.J New Brunswick the ifm krira id the Mlssi^fp- 
pion strata reaches fully yxn* feet. 

I Iut«: ^ little ^iihan j - rut Mhsissippkm igneous ncti itr in North 
AnicnVa. Some bed* of tuff occur m Upper M rsrisdppntu sttaiq in fhe 
Ouachita Monmwins. 

The Mis&hdppiHti strata in snuthetiAterfi New England. in tlir 
Sierra Nevada Mountains (Calaveras formation > T and in fromt other 
ptfti of the west are more or [c^ Rseta™n-pfirsr9ett+ 

Missi&sippian History, iHrr Seat. The continent was all, or 
near I > all, land at the opening nr the \li&issip|iian period, Disregard¬ 
ing certain minor shifting of the sea. the great event of Early Missis- 
sipplan rime was an increasing expansion of tfit sea over the latul until 
fate Early Misd&ippiaii time when about nnr-third cii thr comment 
was submerged. Figure shows the general relation* of land and 
writer of that rime. Much of tlir irc^ of thr United Strife was covered 
hy an unbroken rtcpan^e of shallow sea water with wide connections 
with the Fapftc and Arctic Oceans mi the Guff of Mexico. Cwm 4& 
was very large and Connected with Appalachia across New England. 
Cascadb and Mcxicoia were well-defined 4- Mich. M Rei Bedwith 
associated salt and gtpmii huh ww deposired in thr Michigan region. 

In the midst 01 the period there wm a vrri considerable withdrawal 
or the wa. numerate in thr case, hot Almost complete in the Rocky 
Mountain region. 

During Late Mississippi 11 time there was a tendency for ihr wafers 
again ro spread over the laic Eirh Missb&ippian area*., huf not so ex¬ 
tensively. Flius the Huddle and middlcmtirthern pairs m Hie United 
State-i were mt submergrd, and the vea wti* more restricted over the site 
ol fhc RchAi i\ lohintiiins, rxtetidfng over thr northern ponion of the 
fuller region only in the I .ace Mississippi an ti at all 

( 1 hie rtf the ;1 / imstipphtn . 1 O tHuhitu Dinar hi mu) Tile con ip Irtc 
cracrgence of the amtiiicnt ji the eb$c of the Mississippi an was accom- 
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paiiied by some folding or tilting ut the strata. In ccrrain rhinos there 
tvere actual mtrtEi^citMVtnAldiig movements, though not on a large scale. 
Thus, a nearly east-vvtii rone throngli Arkansas mJ < ^klahrmiiL, H r licee H 
thick body of strata had accumulated during live periods at the Palm- 
stoic, was subjected to pressure, musidcralil) folded* and uplifted into 



mountain). Tins Invoiced the Ouiidtiu ami Wichita .Muuntiiiiu of 
Arkansas and Oklahoma, .uid hence list* Ken called the OuiirMta Dh~ 
iurbmtr . The Ouachita Revolution occurred later. 

Mississippi Em and older rocks iti psuta of Nova Scuib and New 
Ilmnswick were also notably i aided and elevated a) proved b> fhe- tact 
rhat PmnsylvaniMi ttrata there rest upon upturned* eroded edges of 
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Misssssippian and older mcb, Thr newlv exposed lamb ni the conri- 
nenc were notably eroded* ah A the Mississippion and PefifUfLuuiafl sys¬ 
tem* arc by one of thr most extensive and distinct unconfor- 

mities rn the whole Paleozoic group of nxti. Foe thk reason the Missis 
sipptui iml Pennsylvanian should be regarded as separate system rather 
than a* rntrtrh uihdiviHimt* of the old Carboniferous. 

MisAissippian Climate, As for the earlier PsUeozok period*, die 
character and distribution of Miwsfiippi&n fossils rather dearly prove 
absence of well-defined climatic zone* like those of today. A uiihL uni¬ 
form climate appears to have prevailed Suit and gypsum beds more or 
less associated with lf Red Beds’" point to arid climate in Michigan. 
Montana, Nova Scotia, and Australia, hut these were probably local 
conditions. 

Pennsylvania^ Pea ion 

Pennsylvanian Rocks, Only in dir rMrrrs part uf thr continent 
have the Mivo-ftippuni and Penns y K.muLn rack? bent satisfactorily 
separate!. Pennsylvania Strata ale verj extensively developed in east¬ 
ern North America within the areas represented m black in Figure 247, 

Pennsylvanian strata show m numerous pi acta in Western North 
America from northern Mexico to central Alaska, particular]? in the 
Western interior of the United Slates tvtlhui thr areas indicated on the 
map (Fig, 247), Rocks comprising this system m the eastern pare of 
North America are partly or marine and partly ot nuii-muriiir origin 
with the Utter { mclinting coal ) unusually well developed. 

There are lour well-known «ubdm&kms of the Pennsylvanian sys¬ 
tem in thr. Appalachian district. Thr formation names, character, and 
thicknrv* of these subdivisions are typically Illustrated by Figure a52. 
The greatest coal beds occur in thr Allegheny a Eld MommgaLeLa. 

Snuill arras of Pennsylvanian igneous and tot'tamnrpliaicd sedimen¬ 
tary rocks, together with some graphinr coal, occur in Rhode Island and 
Massachusetts. 

Coal-bearing strata of this age. largely shales and sandstones oi rmn- 
marine origin, auxin a thickness of thousands of reel tu New Bruns- 
wick And Nova Scoria. 

In the m'uUt of the Mississippi Basin, especially from Indiana w«t- 
ward to eastern Nebraska and thence sourim-ard into Texas alteuxting. 
continent a!, coal-bra ring, and marine strata occur. Not only ate these 
strata as a rule thicker, but also they arc more generally ot marine origin, 
than the Pennsylvanian strata ot the Appalachian region. 





Fie, mi, PfnnsfyvanJi >irata wirh i real btd fWneV layer’ if irehf* thlrt. 
About 1$ wilt* wUlhVAHl «f l nEwiWwn. Purin»yU auia 


H*Y'. to idoOf fret, though ill Arkansas ,1 thickness of #m 15 , 00 ' tret 
has brcii found. In die western United States the thickness varies much, 
tlitiui'h ir » usually at least ertl dmusaml feet- The nearly complete 
astern in central Trusts U over S'Mi feet thick. 

Plutonic rocks definitely kunvni to hr dt PmnsyIvimhm age -ire prac¬ 
tically absent from North America. On the Pacific Coast fium northern 
California to Alaska, volcanic rocks—both lavas and tuffs —are directly 
associated with altered Pennsylvanian strata. 

Nuiahly metarrorphowd Pennsylvanian strata [e.g. Rvxbitry con* 
glorm-rntr' iH’ftir in icuithcostem New England ami IficalL in the 
mountains of the west* 
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In the Rocky Mountain* and westward in the United States, tlir 
Pennsylvanian rocks are practically all or true mar hie character and 
consist largely of limestone and shale with some utndstCU* and little 
coal, thus being in marked contrast with the rocks of the system in e:«t- 
rrtt North America (I ,- ig. asJL 

In the Appalachian district, the wstem ranges in thieknres from 
«W TSi*' tret to approximately in, mo fret* A maximum thickness 
ot [jJ.ixki irer ■ s known in Nt>v,i bcotia mtd iI,iku fret in Klsude Inland. 
Through the Mississippi If asm the thickness ia usually not mure than 
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Pennsylvanian History. Th* Smt* Disregarding relatively minor 
oadllitELom o! levd between and sea, the outstanding feature in 
regard tn the relations of hud and water during Pennsylvanian fimr v« 
progressive *ubmer£cnee of a considerable portion a! the coi 1 1 1 1h i ic. be¬ 
ginning tn th? rail and spreading upward and dim northwestward to 
Alaska. 

As wr learned in the preceding chapter, the Mbsbrippim period 
dosed with a widespread emergence of alt ihe submerged arcs* b eastern 
North America. Very early in the Pennsylvanian the sea begun tn 
transgress over the land by extending a brig, narrow estuary north- 



Fin. 253, A rnountmifl of PtrnitFlvimwn ' M murine tinusrone; The nearly ttt- 
lii-^r bfij* *brj*r a ihbkjif** uf lull* 5 Guo led- Soul hi mi part nf Puumilpk 
Mouiuaim. CatiformiJL 


ward through the Appakchijin district as far as Pennsylvania- Gradu¬ 
ally tlw sea expanded and extended over much oi rhe interior region 
now containing Pennsylvanian coal, through central Texas, and west¬ 
ward across northern Mexico to iht Pacific Ocean. There was prob¬ 
ably a narrow extern c&itnvctiafl with the Gulf of Mexico* The marine 
waters, particularly in the east, were often intrrmittrnf with low swampy 
lands with conditions favorable for growth and accumulation nf plant 
iiiuccrk.d later id become coal. 

In the Gulf of St- Lawrence and sou the astern New jin gland Areas, 
non-mu fine deposition *f both sediments mil plant materials occurred- 

The relations of land and sr4 much as just described continued into 
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early Middle Fernwylvanijan time,. unrl rhf sea gradiiallv expanded to iftu 
late Middle of the period l early Gorremaugh time t. This was the 
greatest Pennsyivajuau sej jLml it rove red fully cine-third m rfie conti¬ 
nent lFig. 2 * 4 )- The vast «* iwept from the Appalachian Mountain* 



Fl^, ijf titnrfaliatd pa !*?£«? graphic map ilmwtng th* ** ^tid i*“d aren* in 

North America during Middle PbimtyH'auiim lime. While airuv tarn); 
ruled armh B Cl» Cl ate parr. «f Hit drrtfcil at*.** 

allttitalui£ ien and land cmdirirm* in the AppaTacbhii-IiUTriiJi Rowland 
iegioii, und firm-marine ctrpf^irjonat onulimm* \n ihr »rpvtth eastern 
England ami CmiM off Sn Lam me* r^i^o. C«ii*produdHK pbufi thrived 
Eji ihr-Er hi eon. Small dreb flhmf volcanic areas 011 lti< Pun fie CWsj. Prin¬ 
cipal daia i, modified) ImiTi U- NVJHK J. Wditi, mid t. Srhucherl. 


westward over rhe area of rrm^r of the United States, and northward 
over the Rocky Mountain region of wcttriii Canada and nil (nr nearly 
all) of Ataskir Volciutoo then were active in northwestern California, 
western British Columbia. ami soul hern Ain$bL No has ever again 
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spread over the area of the United Siatti front the- Appalachian regrntt 
to the Pacific Ocean* 

The latter part of the period tv .is marked by a (treat restriction of 
the sra a* dimvn by Figure 2S?. AU that remained of the western 
was a large embaymcflt across nnjihrrn California and into Utah ami 



Fio* as S’ Geiitrdiaad palcfl^GQgnvphfr mop afattsving *ra and Sand a ten in Nnnh 
Amrfifft during L^le FaiULWltufan tim«. VVhite area*. Eallxl 1 ruled areas, 
tei; drpttfd ureas a* b Flguie 254 Principal daia imMlfted) frum mapa 
tr%’ C. Schucittft. 


western Wyoming. In the eastern United States murine, estuarmr, 
I stoat ri nr. and marsh and bog conditions altcmntcd in most of the basin 
of deposition. and there were prolific and extenfcivc growths of coal- 
producing plants. 

In Nora Scotia min-rnarine srdimnals and vegetable materials were 
deposited- 
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Origin */ tht Coat tlfdr. Since the remarkable physical geography 
conditions of Pennsylvanian time Savored the accunnilariun of the world's 
grearesr coal beds, they dram r more iktinEcd discussion. “Perhaps die 
most perfect resemblance to coahfurirmig condition h that now found 
m\ such coasfcJ plants as tint »d southern Florida and the Dismal Swamp 
oF Virginia and Ninth Carolina Bath of ibt*e un-js are very level, 
rlmugh with flight dtprenfbtft in which there it either tending water 
or sivatfip com! it ion. In both regions rhcrc is mch general interference 
with ircc drainage ihsr ihere are extensive areas of swamp, and in both 
tlirre are beds of vegetable accumulations. !n each of these arras there 
h a general absence of sediment and therefore a marked variety of 
vegetable tic pewit. If either of these area* were submerged beneath 
the *ca the vegetable remaiity would be buried and a further siep made 
toward the formation! of .1 coal hah Rectevitton, making a coastal plain, 
would permit the accunuilniinn of another coal bed above the first, unit 
tlof prottss nLight he continued again and ugnin'* f.H- Ritas Ei onofnk 
Gr**!uijy t iou>, \\ 0). It is, however, not ruo^u 1 . ro wumt repeated 
tdevatnm am! subsidence of swjuftjt arras in order to account for numer¬ 
ous ro.it beds one nbove another in a given tcgiim, A genrral subsidence, 
often inicrmsttent (ivcth possibly Some upward movements), would QC- 
ca&iorulh cause the luxuriant vegetal con of a great swamp area to be 
killed and iIIluv the deposition of sediment over the site* Then the 
filling of tbs: shfcUciw Water with sediment would allow mother bog to he 
formed, etc. In the co.it field of Nova Scotia there are 76 distinct coal 
beck; m Alabama jj( in Penn,>Kartia nr least 2=-; and fn lUinoi> 9. 
Each nr these coal bed* represents an ancient swamp in which grew a 
luxuriant vegetation* It should hr borne m mind that workable coal 
seams *.onsritutc only about 2 per cent of the containing strata which 
Eire sniuktQtKS. shales, days, and, in some localities, limes tones. 

Ferhajw. no single Coal seam in the world underlies such a targe area 
tr# i 5 H i> k > square milesJ a* rhr famous Pittsburgh coal bed, It 
is worked over an area ot about t*> *1 square milts, and tor 30 oQ square 
miles it averages 7 feet in thickness. Most of the swamps or bogs of 
Peunsiivarnan time were much smaller than this* 

In thr anthracite coal district of eastern FcEuisylvama + the ismom 
*''Mammoth” coal hrd is remarkable for its great thickness up to 50 or 
more feet* 

Otttifhiiii Rtiivturif/tt* Mention has already been made of the so- 
called Ouachita Disturbance toward the close of rhr Mississippkn period 
when the Ouachita Mountain region of Arkansas and Oklahoma was 
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somewhat folded and elevated- According to H- I)- Miser, however, 
11 die ij^O test til exposed strata of Pdcomic age in the Ouachita 
Mountains were subjected to great ccunprrssive movements during die 
middle or later part of the IVm its> , l^ +iiii =tn."“ TIms strata were then 
highly deiormcd,, often with development overturned fold* and thrift 
faults, as shown in the accompany nig stmeturt: section (Fig. ijS)* 



Tin *$(.. Structure *nk«4 through pi m uf ibe ^nith^rii Ouachita MnuimnnSi 
ctcar Shady, Arkiutat Obf t Ojif—Ofdmvipan; Sh n S *a = Silurian: J>fl = 
Elcvnoiaft; and €> Mlwbdp^ijiv Afr** Mii*r in.I Purdue 1". Sk 

Geological Survey,) 

This wi* dir real Otuuhtin Rtvtjluti&n, resulting in a mountain range 
with an ran-Writ Trend. 

Tlir so-called Atio-tfral Rockies extended frnm northern New 
Mexico through Colorado into southern Wynming- 

Pennsylvanian CHmate, Main years apt rhe plant life of rhe 
great coj! period was thought to imply a warm to Tropical, very moist, 
uniform climate. More careful study, however, dearly points to a 
temperate* only relatively humid, hut rniiarkablv uniform cJinmte* Some 
ot the criteria favoring tin? tatter view mn> he- vrated u* fill tows: The 
great SfSEt am! bright uf the pi.in in together with fheir frequent Trucaj- 
lent rututr ami spongy leaves indicate luxuriant growth in a moists 
nu'hi climate: abscind of annual rings of growth shows absence oi 
distinct change of seasons i thr presence of aerial toots, by analogy with 
similar modem plants implied u moist and warm climate; the iteamt 
pmffit-djiy allies nf the ena! plant* attain greatest growth in warm and 
humfd climates; at present the greater aociimulifions nf vegetable mat¬ 
ter in bop and marshes take place in temperate climates where decay is 
not (w> raped and thus suggests a simitar climate for rhe accumulation 
nt thr coal deposits: and itic remarkable distribution us almost identical 
plant types in PfettwyH ariiun ?ek; 1:> from \rcfic m tmprcul regions death 1 
obowi a pronounced uniformity us climate over the earth. 
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Permian Period 

Permian Rocks. Compurn! with die preceding Piltwoic systems.. 
Permian strata occur alimr-c entirely in the western one half of North 
America ( Kig. *}*). Pemtian plntntiic rocks. are. however, abundantly 
represented uis the Atlantic Coast from New found land to Alabama 
<Fig. agi). 

In the western Uniled States the Permian strata are considerably 
more extensive than their surface distribution because the) are con¬ 
cealed under Mesozoic or Genomic to* U over large »rcai. Also there 
is some reason ro think that the Permian strata formerly extended over 
much of the Great Hasin region, bur have hren removed by erosion, 
leaving much Peuttsylvatiinii or Mtssftsippittn rock now at the surfxe. 
In rhe eastern United States, however, the few small areas shown on 
the map ( Fig, 157) mmprfw all of the Permian except possibly 

3 




IG 2tf. Star showing known inn of «tmp* (Mjrfocv ditfribulion) of Pri~ 
mint vitjtii In Ninti America. 
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m rhc lower Mississippi Valley where Mesnzuie and Liter rotb effec¬ 
tually conceal the elder rods* 

Tlir Permian strata in the small area of the northern Appalachian 
district are in every way much like thr PcnnsyluuiiJin just hcltaw. 

In Kailas tile Permian mcL* .tre divisible into twn rather distinct 
^rto. the lower series of shales ami Imirstunt-s being large!v marine* 
while the upper scries of sancfcrorKS. shales, limestones, 53Jr, and gypsum 
ams mostly not truly marine and ifieii ire characterized by a prevailing 
red color. 

The central Texas Permian strata ntr chiefly “Red Bed*' 1 of mostly 
non-marine origin* including samMunr*. lniur$tucx», red and blue shales, 
and somr salt nnd gypsum heds. 

Western Texas and southeastern New Mexico contain what is 
probably the most comp I ere set of Permian strata known In Nor Hi 
America, The secrttiii shows fully 7000 feet of marine strata, htrgeh 
limestone* kind shales. 

Thr Middle Permian beds nl Kindis, Oklahomiu ami Trxa* 
underlie nn area of fully ]j>ti p <h*:i square miln, reaching a total rhick- 
nes> tjf more than ic*x> fret in Texas. 

Strata* mostly of nun-manisc origin and containing much red ma¬ 
te rials like those of central Texas and Kanos, air also found through 
Sew Mexico, western Colorado, and Wyoming, 

In the vmtes farther west, including Arizona. Utah. Idaho, Nevada, 
anil California, there are both marine .if id iKm-niaiinr formations of 
Permian age. Four fnrmatirms —-Sit pm red sandstone and shale, llrrmit 
red shale, tlftconim gra> sandstone, and Kaibt iA white I hub tone fat 
the rop ) ■—comritufe the upper aoro tret oi the picturesque walk of 
the Grand Canyon of Arizona. The Kaihaf] is of marine origin, but 
the others arr largely or wholly nun-mariiie. 

In the Gulf of Sr. Lawrence region thr Permitri consists mrotly of 
M Rrd Fkdi, 1 ' including conglomersires. iiiuktoncs, and sliales. 

In Pennsylvania and Ohio flic Dunkard series (Lower Permian 
only} shows a thickness of about tOPO feet. A thickness of aoOG feet 
for the whole sy&Ttm is reported from Kansas: 50OD to 700™ feet m 
Texas: 1800 feet in Utah; 2000 feet in thr Grand Canyon ; fauon feel 
in Alaska: mid goon feet in the Gulf uf St. Laurence regirin. 

Plutonic ignpniii rocfa frnamK grruiitc* ) of Permian and possibly 
somewhat earlier, age occur in munirrrtu* large and small Lodio in the 
Piedmont Plateau and so-called older Appalachians,, especially in their 
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southern portions, ami also in New England. New Brunswick. Nova 
Soom, and Newfoundland {Fig* 29')* 

Din rites, probably of Permian age, occur in (be Sierra Nevada. 
Voltmic rocks occur in the Permian system in parts of northern 
California and stnrtherti Alaska. 

Permian strata in the WCrtWO mountains are m places moderately 

llstftaiiKirpliosrd. 

Permian History. Tftr Seal . Paris in Permian time ."tenor 

spread over much oi Nebraska. Kansas. western Oklahoma, centra 





Fi^- =i®. Pritniail catU TtI*msk? h, K^ i* 1 mton) 

Wyumbsjj. The tira^bt led strata are tapp-d U\ J toper i>( while 

g)pn£tn- (After l?jrioTi H L". S. Guologicul Sutvrs Fufte wO 


n.ml western Texas, New Mexico* sal cistern Colorado and Arizona. 
This sea seems to have been connected with tlie Gulf of Mexico through 
eastern Merita. At rfir tame time northern California and much of 
Alaska were submerged. The Earl} Permian strata (including coal) 
in ike northern Appalachian district deafly prove a continuation «f the 
Coal Measure* condition*, that is. large fresK-watcr swamp* or basins 
and prolific plant growth. 

By Middle Permian time the Western sea became much enlarged 
and connected with the Pacific Ocean through northern California and 
through western Canada, at the same time covering alt (or nearly all) 
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of Alifikli Tills was the greatest PcrniUn sea, Figure .259 shows tlie 
sea and land rrllLons ui that time. 

Rising out of the -Middle Permian SduihurSTrin ira, .1 bold range, 
calird fhr Ancestral Rnddr*. cMended imm central Wyoming into 
northeastern Stxy Mexico. A more or Jess cutoff arm of the sea or 



FlO. 259. Geru'ralried |sa!™g™flnphit map fhmimg ws and famf areas in NuFlfci 
Anirrica during Middle i^rmiun tame. LJiit ivji thr greatt ir Permian «g*< 
White areas, land; ruled arear> pro. f, Anreiiral RatIcinc Small eirdn 
dinrw vafc«tibtp nn ihf Pflfifif Count Principal dqia < modified 1 trqiq u^p* 
Uv C- Scbucheit ami R. KlrkbjUL 


hastn ]Liv just rust of this range during Hindi of Middle Permian time. 
According to R- A. Jones, a great coral reef, m\v i-lesirk traceablr in 
fossil form armu westernmost Texas uid Southeastern Sew Mexico * 
exited & 4 barrier ftfpsrating this lagoond badn from the sea 011 the 
w*st. In this basm. Ipng in an arid region, conditions were favorable 
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for the deposition of thr so-called “Red llcds” ant] associated great beds 
of salt and 

In the Gulf ni St. L^vmitc region, Permian strata are alto chiefly 
nf continental ->rL^m H 4Ugj$e?hn£ mmlitions of deposition similar to tin 
in Tra.ts and Kansas, everpi rli:n salt and gypsum arr practically .itacnt- 

A glacial deposit of Prrnnan age tri eastern M^chu^tts shows 
that conditions were favorable for at least local glaciation there. Per¬ 
mian deposits of more doubtful glaciat origin have been reported from 
Prince Edward Island (in Gulf ni St. Lawrence) and irom part 1 - of 

Alaakg. 

Middle Permian volcanoes were active in northwestern California 
and whi them Alaska. 

hi Late Permian time the great western $ea almost completely van¬ 
ished, Laving only western Texas, southern New Mexico, anil eastern 
Mexico iubxnngcd. 'Him w&b the last fcmpint of the wonderful succes¬ 
sion oi the numerous North American Paleozoic r peine sras. Late 
Permian volcanoes were arrive in northern California and southern 
Alaska^ 

At the close of the Permian the sea completely disappeared irom the 
continent. 

CIqw nf ihf Ptrmum iJppidufhhm Rnwlutitm). The Paleozoic 
era was brought to a clow by one *f the nmt profound physical 4i*> 
tnrbances in the history of North America. It has bern called five 
Appalachian Revolution because at that time the Appalachian Mountain 
Range was born out of the sea by upheaval and folding of the strata. 
Perhaps it would be better to say that the revolution reached its climax 
at about the dose of the Paleozoic because thr evidence is clear that 
the upward movement begun at least w early »i* the Pemtsvlvjiiiau, and 
slowly increased to the dose of the era. Since Permian sTrata are 
involved in the folding along the western side of the Appalachians, we 
know that much of the disturbance must have occurred after the dep- 
Kitinn of those strati 

All through the vast time (many milium* of years) or thr Pfilorajic 
eia t a great lahd-ntim (Appalachia) existed along what \% now the 
eastern coast of the United States, (ft wrttrrti boundary was, most 
of the time, just cast ot the present Appalachians, while it most have 
extended eastward at least 3 * tar as the border of rhe continental shelf* 
Cqncemiug the jlruudr and the character of the topography of Appa¬ 
lachia we know almost noihirtg, but we do know that it tu resisted of 
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rock of pre-Cambrian age, The enormous amount or sediment derived 
from it shows tbat Appalachia tv .is high enough 

during nrji]i nil f*f hist-or) to undergo 
vigorous erosion, Although u&riUjUtimif of level 
more thin likely affected tile l&ftd-mass, and its 
western shore tine was quite certainly shifted 
at various tunes* nevertheless it persisted as a 
great land arro with approximately she same 
position during all *?! Its lung history. It> ^rii- 
era! position i* wel! ihtrtvn on the vai n ms 
Paleozoic paleopogritphic map®. 

Barring certain minor oscillations of levct + 
all of the rtpon Just west of Appal achm was 
occupied be sea water during much of die 
Paleozoic era, and %cdE merit* derived (rum the 
erosion or Appalachia were hid si own layer 
upon layer upon that sea bottom. The coarser 
and greatest thickness of sediments deposited 
nearest the land* that is, along what we might 
call The marginal s<m bottom* Ac the same time, 
finer sediment an 11 limr-itemr* in thinner sheets 
writ being deposited over nun:h of rhe Missis 
sippi Valley region. By actual measurement, in 
the? present Appalachians, we know that the 
maximum (hkknes* of these sediments was at 
least 35^!mu feet. Now, since these arc all of 
comparative!* 1 shallow water origin, proved 
by the eojireeness of scrltnHfit*, ripple marks, 
f cr*si I corn I rceli, etc., wr arc forced to conclude 
rhat this marginal sea bottom gradually sank 
during the process o! Sedimentation thus pro¬ 
ducing what h emailed a great geosyndiual 
trough. Perhaps (he very weighr of atcuiTtuisir- 
lug sediment* caused lint sinking. Finally, 
toward the close ot the Paleozoic tra, sinking of 
thr marginal sea bottom and deposition of sedi¬ 
ments ceased, ami a tremendous force of lateral 
compression was brought to bdr, causing the 
strata ro become highly lidded anil mnr^ or less, 
faulted' Unis artwc the jit eat Appalachian Mountain range which, in 
Its prntke, was doubtless much loftier than it is today. 
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This tremendous deformation: mot 711.1 re very <dmvU, rhmigh during 
a short time as compart*! with rhr lerigrh of the Paleozoic rm. As $o«ri 
as the inhla appeared well above sen* level. irregularities began in be 
carved *mt b\ ihr work ut trosion -o that cvrti nuns tarty vomit the 
mouiUalm fomented .1 mggvd surface. Mountain* now to process uf 
growth, like the CW t Range* of Citlifomit, show *ueh niggdricss. The 
great thrust faults. especially of ihe southern nnd central Appal odiums, 
where certain blocks ai the earth s outer shell have been pushed for 
jnclcs to the north west over others were not produced by sin pic move- 
mrma, but rather b y many repeated mnvaBrnCS ;lIoiie single fault aur- 
faecs- Smnr of these faultt air hundred* of msln long. 

Important otogenic movements through Xnv Engl ami and into the 
Gulf of Sr. Lawrence region took place at the ame time,. Gr*~nt thrust 
fa Lilting occurred in wettem Nnv Kurland. Accordingly, the whole 
caster it border region of the continent,, for a distance of 2<X» mites, was, 
profoundly affected by mountain-nuking distutbonces. 

The Appalachian Revolution was Accompanied by tmumdous intru¬ 
sions ot granite maKTTi;i thimighout New England, New EmiwwicL, and 
Newfoundland, and to the east of the Appalachian Mountains proper, 
particularly In die Piedmont Plateau and the so-called "Older Appa- 
kdiiaiK." The granite is now widely vx\*owd in these reruns Ari im¬ 
portant tflcfor contributing In the present Jay height iind mggtrdnr** uf 
northern New England and of rfir southrastrni Older Appalachian 
region h the outcropping ot so much of this resistant granite-. Hie two 
region* last memhmed arc the highest and most nigged In eastern North 
America, the higlu'si peak 01 all being Mt- Mitchell in North Carolina 
with ail altitude of 6684 feet. 

!t should be dearly understood that dtrdrigin.il Appalachian Muuri- 
wm were greatly worn down and then rejuvenated to form the pmioii- 
day mountains. 

Other important geographic changes 111 ad dir ion to the above were 
(j) the warping of the surface of Appalachia u vve shall show in our 
dbcujdon of theTriune period; 1 2) die uplift of the Misrisslpjti Birin, 
with little driormafiou ot the strata, nwrof the Great Plain* urvrr again 
zo become submerged to the present time except abstg the Gulf Coal: 
(3} the elevation and erosion ci : itmny ot the Penman areas west of the 
Rocky Mountains in the United States, which thus aooouni* for a rather 
widespread unconformity' between the Permian and 1 rmssic in chf^e 
area*; and (4) considerable JctortiiiM of the racks. accompanied b\ 
metaroorphism of strata and intnisitKi of plufonic bodifcs (mainly 
diorites). m the Sierra Nevada region. 
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AH os North America was a land area. much of it liiifh above sea 
level, at the end nt Permian lime. 

Permian Climate. During Permian litui there w.-- a remarkable 
combiziaiion of cj in lattt: conditions, invIitilsM u ex tensive glaciation es-pe- 
dally in flit MttirJiem hc-misphtn: i ai low huifiade*j. widespread aridity 
in parrs of North America and Europe and Cdnditfom lavurable for 
prolilie growth of coal-forming plants in various parts uf the world, ait 
in a single period. Thus the climate of thr Permian primed u- striking 
contrast to the mild and ratEicr uniform climate \n lire immediately pre¬ 
ceding period* Hie coMcrisrration n t thr exirmhr gWbtirui over low- 
latinidr, instead of Tirghdiiri tilde-, regions is diffrnih to account for. 

These perplexing problems may In? in part explained as follows. 
The profound moiuiraiu-rnnking disturbances, resulting in sn many great 
and small uplifts in so aisny 1 large pans nf the world, caused f i \ general 
disappearance of aeas iroiii continents and great interfertnee with tile 
free play of utea n currents, thus much xcduiuig thr temperature equal* 
king in ft in-rice of the sea* ■ < 2) low trrnptranires over extensive regions 
novly raised to high altitudes,. even in low hrinnics: and (J) heavy 
p red pi tar ion cm thr windward aides of new mountain ramie* which ro*r 
across the paths of prevailing; winds, and low precipitation on thr op~ 
posite sides, 

Snucrt'grA the PM.mmw Ritcx* 

PaWeuie strata occurring in thr Appalachian Mourn sins. N>w En- 
RJandt Ci'ilf of St, l**wn-ncc region, Ouachita Mouniiuns, Rocky Moun¬ 
tains, and other mounidn 01 western North America I including 
Alaska) wre usually more or less strong! t folded and oiten fauirrd. 
Hath nomml and thrust faults affect the strata, *ouw of the thrusts 
being of great magnitude, as in tl k soutlirm Appalachian** western 
New England. the Ruck) Mountain* and southern Nevada, 

In other lar^r regions, such as the Interior lowland, the Appala- 
chian Plateau, the Great Plains lmostly concealed), southwest of Hud¬ 
son Hay, and the Mackenzie River Radm the Paleozoic ^irni.i have been 
but III tie disturbed from their original homohcal position. 

Birludithit structmes resulted ir-ma large and ismall iiwruiionj of 
Falrft/Jiic magma, particularly toward ilir end of the er.i m rlir eastern 
highland regionextending from Alabama tu Newfoundland L Fig* 2t>ij. 
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Is order to z:\itY even nn flrmenrar) kiiQttlrdgr of the history and 
cvnlutiLin nr plants thr reader should bear in mind the important fact 
char plants or higher, more complex types came into existence during 
gcologjcril time in illrnoaf exactly their general botanical order of classi¬ 
fication, In other word*, frnui tlir primitive* sinele-ccllcd plants ot 
Archeozoic ainl Pmterrizniii times, there have evuhed more complex 
forms vulmbiatiuy; in rhe highly organized plana of today, 

A simple clarification involving some ■.i rlir main divisbm or' plants 


is here given: 


I. SEEniLE^ Plash* „* 


l Thitlktthf fri (e.g, ajGit iin.Lt funs?), 
i Hr> LipJ-i'* Tcionna jiiJ Eiverwitim^. 

f I. Fdae*!?* (e-s- ferric. 

j. ricridej'hyws i. Aitbrnphycet tir-g- horwHil mitics). 

I 3. ypidopbfDci ie-tf eltib Hitdawb 


T l. Sleo Pi, a a f j - 

lunmtmj. *" - 


1 , i n v m rHnEp« rrt». •; 

(Flu wcMe^ 


I. PsmJo^pCTTni £" fetm *). 

L Coftiiitrfc 

J, Cyeada " «ijg0 palms '*)* 

1 Ccnitm te,^ pinf 4 , iprutEi, jnd 

fequDiiis;* 


AiujMpenAl 
(Flu werucu ' 


1 MqiwaoeyUdtini (c-^ gn«\ grq,~ns, 
jHlltttm flnd I i Li.it'sl. 

X PicHtyledfim (&g, fllntf liar«jAhj(CPii 
trb»| buries, hcth% ujid fi miliar 
<7ji*rv flowering fiUnta>» 


There arc certain rather obscure imp it** runs and cluster-like fomti 
in C-irnbri;ui rafts ivllich mat be seaweeds, but thrir identification l$ 
often msuutlactary- In the earlier Paleozoic period* simple plants at 
least mutt have been abundant since unonala ultimately dept ltd upon 
pknh for fttftd. Their scarcity as io«ESs b doubtless due to the un¬ 
favorable ei more of the simple (soft! marine plants for fossilization. 

Recently certain problematical L nmhtian fossils., long Jcjinwh by the 
name \n ptozocin," have been determined as algae by Walcott* They 
secreted concentric layers of carbonate or time and lived iek water* In 
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some lecalfrie*. as urar Saratoga Springs, New York, distinct bed* nr 
"reefs'’ nf such id gar iK-tur, in fimestonr. 

There fi itr> evidence that any type* of plants other than single-celled 
wittf*dwd)itt| foi«ls existed during Cambrian time. This is 11 remark¬ 
able face not only in view of the tremendous lapse of .Archattbic and 
Proierofcok time, but also of the profound post-Cambrian evolution in 
the plant world. 

\ arimts kinds of seaweeds f marine algae> art definitely known from 
I Iniiivii'iui liniritimt} and shales, and also from Silurian sandstones. 

Definite knowledge of Ordovician land pinna is very scant, making 
the following recent ! 1035) disco very especially significant. According 
to Srii!ij« Service *'fossils of ferrdjke plants of very simple t true hire, 
with a great deal of branching stem, but with nothing tliat can lie surely 
identified as leaves, have been found in a deposit of Lower Ordovician 
limestone in Wyoming by E. Dorf. rogrrhrr with similar fossils found 
in a vary few scattered places over the earth, they belong to the oldest 
known groups of Land plants known as Fsilophy tales." 

Our knowledge of Silurian land plants is also very rnuagtr. Srnnr 
mosslike and fertlikr forms of doubtful affinities have been reported, In 
reitard to certain fmgttlrriEi of plants iuuml in Silurian strata in Lo- 
gJ.ind. Stvedetj, ami AuatraJxa, Seward says that "they afford evidence of 
ilur existence of two Silurian types, probably terrestrial, which agree 
closely with forms characteristic of the earlier Devonian floras, and of a 
third type that appears to be peculiar to this meager pre- Devonian finra." 
Considering the profuse land vegetation of thr next (Devonian) period, 
it stems certain that their progenitors must have been well represented 
in the Silurian, and that either more nf their remains will be discovered, 
nr that the condition* tor their preservation were unfavorable. 

Devonian lands were covered with a rifli and diversified vegetabon, 
often even with luxuriant forests. The forests were, however, far dif¬ 
ferent in appearance from those of the present because (hr trees vmr 
all of very simple or low orgsm* at fort types, Fig. afii reprrtenrs one of 
these very primitive trees. Tims they were largely represented by all rhe 
main Mibdivsiom of the Ktdlr>> plants and primitive types nf low-order 
gyitmtupWiB- Hecausr rhese important and mnarfeahie land plants 
reached thrit climax of development in the Pennsylvanian f great eoaJ 
period , 1 . it will serv e 0111 purpose best to discuss these plants in coniift- 
turn with the fleara of that r>rrk'iiJ, 

During Mississippian time there were comparatively few impor¬ 
tant evolutionary advances in tin; plant world. 


PLANTS 


5^3 


The plant life of Pninsolvaiiiitn lime wus ven prolific and thr me- 
ords tor this period arr jar mom abundant than ior any nrher pshwok 
period, one reason for tins irnilsunify full regard Joubtus* beintf the 



FUl* 2 <Sl B A T«tnraliolS of rtf lh* n\dtit ir?« of thr firth. ft I*, .1 pritoTfiVr 

k pi ii <>ph \ ci i .7 r£ /j f u ji (OmJ rt / rj'r; ^cu! r t ■: ■ 111 n 1 UtTf d l j ■.* [■ rf itltc ei t im? i i d 

in thi Devon^11 nu!a ut New Yori {Cmlfle^y of lire New Votk Slate 
Moitiim-} 

very favorable conditions for preservation of the flora of the time. 
Several thousand species of now extinct Jilanra arc known from the 
Pennsylvanian alone, it nutst be remembered that most of the important 
classes of Pennsylvanian pints existed a* early as in the Devonian, 
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but these earlier record* are much more scant. The known PrnrmJ- 
Vardan flora Cocufos almfrst nmn;ly of ptrridophyles -util tli r lower 
form! of gymrimpmtts though tludhiphytr* (e-£- algre) cemitth, atul 
biyophjti 1 * probably, aka existed. From ihe negative standpoint, the 
most significant ft at lire was the complete absence nr the typical flowering 



Flo. aiGi, A talc Patfcizok- lanrltcapr, shorring tom* of the eorr^piesroo^ 

plaint uf thr great Coal Age, UpMbihnilr^ni ( witli brine bn a nmt *ig[T" 
lariarEi (vvitbout b-raik'b'nl in ihe !■ ft baekgnuirul: arihrn^iliytci -r^meniEdji 
<ifi rLi- right; mti trrns in eHt Ie-it forf^imdi uniphibiau* i £ryg/s) 
on ttm lurid; m primitive reptile iZiiu#jrWij) in the water; and ■ citie 
inwet (dragon ISy'J in the ail. {Frmn a drawinj; by Prof, 5. W. HiFliJiuu.) 


plants (anginsperms.) which nrr today the most common and the most 
advanced of all plant*. 

Ff/iYn/rf i tnie ferm) were fairly common anil diversified, both as 
treelike form* and as taiaU* hcrbaceou* fnnrn, Both forms weir very 
similar in appearance to those now living in tropical and temperate 
climate* 

Jrthmphyfci ( M horsetaiI H1 rushes) were dlio rarnmnii tji the Pennsyl¬ 
vanian forest*. These plants lu,J long, lender; seiptifiin'd Hems which 
were either hollow or hi led with a large, soft pith* The Iravo,, which 
were arranged in whorl? around the stems -it the joint*, were nt variable 
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■vlmpf-t juiil imitiJIy either itmJfdiJte, K.ddiir, or strapI ike . The 
imisidr ni tlii! %tfii> luift a vnt »it tuifh Ifiifti! iiructurr but without 
fCH* and not oonrinunm if in the siurllarisns. They reactwiJ heights of 
to yo feet and diameter! nt 1 ur 2 feet (Fig, ibj I* Arthrophyirs 
ate today -clticJK ecfi resent n. I by oiih 1 few species of rusfdiLe form (jut 


Ficl iftj, A fani] tepiiirhphytr tMffitlciriJwtS ttump in thr Pcim*ytv*fi1*ft ■ tran 
E*t NfiTii Scotia hr lI k jin*jimn where the tree ssfr™. (Com navy ni 

rh« (rr.ilrsgiral Survey >i| CiUiaijVj 

over a few feet hijB.ll, though hi South America *ome wry ilender iurtns 
griJW tO lltftghiS OI In 4 flTl. 

Lrfridnpkyift ; giant "cltrb-Tiins&r*" i were the larger, inn;t abundant* 
ami ronsjhcumis of the lorrsc irrrs. of the PrmtfylviinUn, and they ap¬ 
pear to have culmtUiUed during this same period. In marked contrast to 
such a high posmon, dnir deiccruiiuits of today are represented only bv 

a few\ small, delfcafr. trailing srxillktl ''dub-motM* 11 and "ground 
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pines* 1 in our forests Two of the most prominent of the PwinijlvajTian 
kprdophvtc* were the kpidndendfons and the The lepido- 

dendron* 1 "scale-trees 11 ^ had Icai-scatsor scales arranged spirally around 
rhi- trunks ot the trees. The) generally attained a height of 5 1 " to l(W 
feet gnd a diameter oi 2 to 4 reret < Fig. 2D2)* The tal! trunks were 

slender mid thee branched di* 
chotomoLULly < by two*} only at 
a cfsnftEilri'iJiHe height. Lung, 
stifii needle-shaped leaver were 
thickly wt on the tranches. 
The dropping oi the leaves 
irom the older I trunk 1 por- 
t to bis caused the leaf-sear* dr 
scales above mrnticmrd. Inside 
of the outer bark, the \Um con¬ 
sisted of pithy or Iouse cellu¬ 
lar Tissue. Over too species of 
the Icpidodemiron are kmniii. 
Tie sigilhrisixH (“seal-trees'*) 
are so called because of the 
vedlikt markmp which were 
arranged vertically on the tree 
trunk. They were even larger 
than the lcpidotlcndron^ r hsv* 
ing attained iL height of 100 
feet nr more ami a diameter of 
5 to 6 feet (Fig. 262), The 
Trunk tddooj branched and it 
ended with a rounder! rip. In 
other respects these trees were 
much like the tepid udendro ns. 

Pttridosptrnu ( +I sced 
ferns' r ), which were common 
in the Pennsylvanian, com¬ 
prised a remarkable group of 
plants recently regarded as transirionfll between the seedless and seed 
plants. They possessed seeds but nor dowers ami showed many features 
which ficeiu to make them the connecting link between the ftrriw and the 
cyead^ The seed* were arranged on the leaves. There h :i amsidrrahle 


Fi^i 3^4 CsnlBite^ nstttffid, (Frrnn 5 cb»- 
ehrrrS “Historical Geology," courtly of 
John Wilcj and Sons.) 
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difference of opinion concerning the relations mi affinities of this re¬ 
markable group of plana, nmv long extinct 

C&rdaiirt vvexr common representative* of low-order gyinrtwpeTrnt 
The}' were companiEivrJv slender trees which attained a diameter nr a 
or 3 reel and a height of QO tret or more f«c Fig. itu), The branches, 
which wefr given off only toward the top of the trunk. were supplied 
with numerous. long, very simple, paraJlrbveined, armn-shapeiI leaves 
notable for threat size* sometime* 5 nr h fret long and 5 or 6 inches mile. 
Tire trunks were covered with thick bark while inside there was much 
pith* Many specimens have b vet\ well prefer vnj. They were important 
emit rib 11 in ss ro the format inn of some coal beds, They possessed certain 
fratnm or *rructum of the seed term-. conifer?., vwadr, and gEnktftf in 
addition to their own characteristics. Cord sites thus afford a fine illus¬ 
tration of a generalized type of plant, that is to say one which comb tiled 
the character* of several distinct (some liter i forms. 

in Permian lime the most important advances m the plain world 
occurred among the ffytnnBfprrm* In addition to the forJnitrf, which 
continued from rhe Pennsylvania. €ymh and contfert are known for 
the first time! thus giving the ifora a decided Meraoic aspect. The in¬ 
troduction of the cvcaita mi conifers marked .1 ihstimt advance in lltc 
plant world, the cycads hav ing evolved 1™ the -seed ferns, Alld the 
conifcre from cordites. GiitkgQ ("maidenhair } trees also evolved 
from cordaites 01 an alt ted plant during the Permian- 


Animals 

Some knowledge of the claudication and main chat acre rinses of the 
more important groups of animals b ■* fund amenta! coimderatmn in the 
study of the life 01 the past ages of geologic time, particularly in its 
bearing upon the grraf doctrine of organic evolution. The following 
simple clarification include various important subdivisions of animals, 
most of whirh ate often represented in fossil iorro. Reading downward 
in this table, there is a gradually i net wing cample* iij uf structure, rang¬ 
ing irom single-celled forms to the mo*f highly organized animals which 
ever lived. Just as it b true rtl The KiNtory and evolution of plants, so 
here it is a remarkable fact that animals have evolved, or become more 
and more complex, as geologic time has gone on. 
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1. ProloMats?,, e g. fnraiui niter* 
II. Sponge* 

Ml. 


IV. 

Edttft&dfit&i* 

li SraJk^i! Harnii—t-s. " huiie 

. j, “ ?kA urchiiuL'" 

V. 

VI. 

Worms 

MfjlJuK&IJi 

J- UF3rozcMiJis~«.g. 1 m mmsc* J* 

L i- lirafhw:ipc»dfl. 

VH. 

Mdloafct 

[ L Pektypod*—t-jr- rtiims K oyateft. 

-■ GutrtBKhls—c^. tamik 

1 C<phiklp*4l^-e-4L n-j m 11 i i nf, +l l‘u Lilefi ches*" 

VIII, 

Arthropod* 

3_ CroitnceuLi^«.|, ct*L% ErilhJjics*. 

i. ArttJmidr—ipidcnij curypteridi. 

j. IllKOi 

EL 

Vtrcebtato 

‘ i SLmjttess venebratts—e.g L rarnaaMermi- 
L FlkflH, 

3- Ampfiibijiiig—fl.j;. frogt* ttUmimlen* 

+- KpiniStt. 
f Birds 


► 6. MdmfiijLl» (Jududj ng m#n) T 

Many thousands of specie's ol iu**il animal- aft known from Pale- 
ozoic strata. Even the earliest (Cambrian) pvririd of the Paleozoic era 
is represented by jm Abundant and varied) Jiftwmblage ot [ussil animals 
in marked contrast to the meager fossil record nr pre- Paleozoic times. 
Many of the sub-kingdoms nr animal; were rL-prtsrtned though usually 
only by simpler nr more primitive types in each sub-kingdom, tlir higher 
types having evolved in subsequent times, The Ere.it contrast in the 
fossil record.', of Cambrian and pre-Cambrian time* is probably m tin 
'wall measure due to the fact that nearly all pre-Cambrian animals 
lacked shells nr hard parts favorable for pteseri ation as fossils. 

/Vor*so tins, which are single-celled animals have left a fossil record 
ranging through Paleozoic time. Perhaps the best kno wn of these tiny 
creatures were the fornminifers which secreted sheik «f |i m ,- carbonate 
(Fig- 3£n). SucIi creatures now swarm in large portion* n f the sur¬ 
face sea waters. It is a remarkable fact 1 hnt such exceedingly simple 
ami primitive types of Creature* liflve pi rusted through countless :«>« 
nt geologic finir while tremendous evolutionary changes have brought 
the animal world to the high plane represented by man. 

SpbnQM represent the simplest of the mam celled animals. They are 
porous, sat like forms. They ranged throughout Paleozoic fiiur, and 
even to the present Jay, with no outstanding evolutionary change. 
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CirUntfHttr* ate also Sit!flee (ortns, bur they hive tentacle* around 
a distinct mfiiifh owning, Among these the so-called ‘jellyfishes arc 
aoit jdarimiUk fgnM known to have left fadtil casts even in Laitibniin 




A B 

Ftr.. *6c. A Cambrian jdlvfhli. Brottftda atitmtu* <#, wp; B, bnttem. ( Alter 
Walcott, tmpn Stildlert ■ 1 1 nlrod Urtii 1 n |u the Stllii? tl F'imJK" firrt«i«ioii of 
Thf MacnulllU t-\lUp*3> r J 


strati. The preptolitu lived only during early and middle Paleozoic 
time. Thet were slcmlrr, plume-like, delicate forms consisting of col¬ 
onies of tiny inpJividuiiU 1, Fig. i66), llecause they were numerous, 



fta 1*6, Ordovician K faptolitc*: a, Tutagnfiat itvilitoiuj; A, 

hiftnil ; t, Ihftvgntplui frith }j J, DUfmagrajittii ititidm ; c, i>ir/)CPPcrt»l 
ISaktUifatmf. (a, / . J , after Kail; e, aitei Rurdcmann; r, after Matthew.) 


changed species often, and floated in the open sea whence widespread l, 
their fossil forms are ver^ valuable fur cat relating a flit determining the 
geologic ages of earlier and middle I’aleozoie strata. 
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are stEf[ higher forms of qdfcntcratc^ h riving evolved from 
spnri^ in early Paleozoic time. They Wm common throughout the 
Paleozoic era, their carbonate of time skeletons often having accumulated 


3 t c 

FlC. alLy, Si^uriAh arid Devonian mult: si, Cup coral, ZnfArt/tri) n/msri lM 

™ vlrdl arHi 0 jirraj;«LH L ilian fwm) ; A. Hoii c it*m!i carjt; 

^jri/oripu (OuLttinl); r fc C ft jin coral, f/it/yjffjrj' . d^ftWafrj j Lino }. 


tn help build up tfrcsit and extensive dcpcKsiLs of limmmns Paleozoic 
ctirnli were simpler and notably different from modem vorak which 
made their first appearance In Permian time H 1 he ,in 
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tigjir. or multiples of sh or eight, Mm of the PiilruJflie typ^ wet* 

»* ei ,p enrols' (solitary iomi^ 4L huneycoinb coral*” (compound), -UiJ 
l 4 dh«it corals" (compound J (Hfr 267 ). Corals arr* and always Have 



tan; marine aniiiiak, 

futiod? rmi , often railed t!ir 1 Stiffeli fanitl.V . are mar nit tor itw 
with a dtatintl body cavity, a very sample digestive canal. 4 low-order 
nriTcua system* and a water circulatory system. Fhry are nearly aKvau 
radially «Kmrnw4' They ranged throughout the Paleozoic, the rotot 

prinrftfve (stalked) forms only 
having existed during the 
Cambrian. Beginmne with 
tile Ordovician, more compli¬ 
cated stalked ii\nm (crinoids), 
popularly culled 4 'stone lib**/ 
appeared and they have per¬ 
sisted to the present day* 

They are (atid wen?) animals 
with a complex, highly seg¬ 
mented, head! ike portion at¬ 
tached fr> the >r:i bottom by 4 
long segmented ! (Pij* 

26S). The segments are of 
C 4 trbonute of Time, They were 
especially profile during Silu¬ 
rian and Mifefissippian times 
when, on certain pan* of the 
sea hortonv they must hue ex¬ 
isted ns miniature forests. The a (j* y, T kma Ordavickn (iry010am em 
wpll-ki»wn five minted ^Mar- a dab of Iftpc#** < After R. S, Smilcr, 
j ■ k ,. V . 5 . NattefiaJ Museum*) 
fi&hc* have existed with re¬ 


markably little change from 

Ordovician rimr to the present. So-called "sen urchin^ live in basket- 
shaped, scuffletired 1 carbonate ni lime shells covered with bristlinii nuw- 
able spines. They are (1m bw« from the Ordovician, but tfiry did 
lint become abundant of very diversified until VJeso/oic riitie. 

ffornts are known it* have existed since late Proterozoic days. 
Tracks and borings make up nmt of their fossil record. They have 
seldom been well utilized because of tilde mfcw*. and they are not 
partictjlarly intereating from the standpoint of evolution. 

Tlir sub-kingdom <rf animals called the moHuscnidi consists of two 
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important tvpcs. the simple brYozoans for "sea musses ''1 and (lie higfieT 
bradiiopodi. In outward ^ppeanmce [hr somewhat resemble 

modem corak but they arc distinctly mot** cutup I ex ill structure ( Fig- 
369). They, like modern Corals arc colon irt-rs. They have ranged 
from Ordovician time m the present with but little change during 
those long ages Their tiny carbonate of hme skeletons have often 
helped Co build up great limestone formariatisL 

Bratkiu^dj have two distinct shell* tipemmg un a hinge and en- 
dewifig the soft tuidi of if it animal The bod} has a cornu) rmhlc dif- 
lemiti.itirio of parts, bin without ryes or distinct brad. A ylme passed 
through the middle of the hingt; line, and at right angles to ir, cuts 
the shells into two pans exactly alike. In other worsts the shells art 
bilaterally symmetrical I Fig. 2 p.i). The shells have umrL always been 
less than two inch** lofifit- ftrachtopods have ranged fmm earliest Pale¬ 
ozoic time to the present. At least 71**1 specie* are knrmn, tnosc of 
them from the PaLco/mie rocks. Relit ivrl) fen nnw exbt, By studying 

their gradual charges m spe¬ 
cies they have come to rank 
among the most valuable fos¬ 
sils as geologic time markers 
and for pLirjKtirt ot coirela- 
rion, From the evolutinrmry 
standpoint if i> an interesting 
fact that the very early Pale¬ 
ozoic forms were small and 
primitive for low-order) with 
their shell* working on 
hinge-, Lafrr in the Paleozoic 
they became larger and more highly organized with much thicker dtclls 
most of which worked on straight hinges. 

Tile mt/forfo are still more highly organized than the wdlvKxSfa 
having more or Inss ivdldrvdoped head* and locomotive organs. They 
are very abundant and divert tin I [cuttv, and many thnuj&mds of species 
air known only in fossil form. Tin- simplest of thesr arr the pel*-, yfmjs 
which*, like the Wachiopods, live between ttvn shells working on a hinge, 
but unlike the brachiupcHk ihrse vhr-IL itrr not symmetrical with refer¬ 
ence to a plane cutting them at right artglns to the hirige fine* Cam¬ 
brian rock?- contain the oldest known fossil pefreypods, and thrse we re 
small, rare, and rhm shrHed, They developed greatly during Paleozoic 
times- Modem pdecvpud* include cl juts and oilers. 



Fia 270 . Gimhrtaii braehiapj-d»: a. I.in^u. 
trlia prima ■ fr, hiAffuifflti wufaiHdtA. 
fA/ir/ WatcoU.J 
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GwirQfwds (snails) possess distinct head*, cyft P ftrul ten lac I rs* Ths-y 1 
inhabit une-eha inhered, more nr less wiled shells They have rm^wt 
from earliest Paleozoic tunc to the present (I B ig, 27Jh A remarkable 



h d 


Fkl .17 | t Devonian brnch icputk: d. Sfmftt JifjMndui; ^ r tfjiri/fr ; 

i, SrftpJirvdonia dtmttsu ; J, Pfvdatrtui HaUamw. 1 AH !mru Md. 
Survey.) 

face about them U that through all of rhi*e many million of year: 
they have persisted wilh no really compieu&usi evolutional v change. 

ITtc ccphaht^ds represent the- highest mollusb with well-defined 



a b c 

Fia 2-i. OrUnvieian firkcyjtod*. * 1 , CardiaU hurrupta j Mutl j : h f Qrih&df jm&f 
fu&fannntum iHucdnnaun); t m dmbvxfthw btUiilriitfM (lloH). 


fool structure^ heads armed with tentacles. and large complex eyes. 
The more primitive forms ate The chambered erphulopods^ so called b*~ 
cause the external shell is divided into compartments which are sue- 
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ct-wjvdy built up and abandoned by the animal m it prows. The hipher 
f iioilnrhimibeied) tj |*es did nut exist in the Paleozoic. Fur two reasons 
the chambered cephalopoda constitute one *>i the mint interesting jllustra 

tinn# «f evolutionary tham^es, 
ranging tmm early Pakotoie time 
to the present, hrnt because there 
is such an ah mid ant reward in the 
rocks ol all their ages* and Second 
because the evolutionary changes 
have expressed thcftvdvr* in thr 
external or shell portion* in a ie- 
m ark a Mr and easily recognizable 
manner. Beginrung an the Cain- 
brim they were very primitive, 
straight or carved forms with simple partitions separating the corapait- 
menfe. lu liar Ordovician important advance* were made giving rise to 
run re carved funm f opetKoi! aad clovt^cnil torms (Fig* 274)- At the 
same time the straight form* came to he the largest and most powerful 



a * 


Flfc, *73, Cambrian Rimnfwd- a r 
M&iAfrtH* s-aruiriprtriifl ^ Wdjli- 

fUti jniniirurr/iiiL (Allft WatLTrtl.) 



Fe(j. i? 4. lOilaviriim ft phulApiuF: OriftQrrrai i&i iaL i Hill) ; f,\ f'jrt&ettiii 

n fit ut 'Hall i ; rr*,r j - r «■. iorin i Silunm iprtmieii ajwr Bamuidt) ; 

J, ufrl/J IIjIIf, 


Animals in the t >rJmdcian w odd. of thr 1 shells reaching lengths of 

It) to 15 feet. The straight Inraau declined dining the middle ami 
late Paleozoic arid became extinct in fhr enrh MvsiiY.oiv. During the 
middle Paleozoic the clo*e coiled i^mis developed angular partmons 
(Fig* 275}. and in the S.iTtf Paleozoic the partition* were still more 
complex < Fig. h 
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.hihrtjp'jJi comprise the highest siikkmgiQftE of all mvertchriisr ani 
nmb They are characterized by kingitLiiljiial body wgnwmnutiil, j Wired 
appendages, and usualU a pair of nerve rrmriv in each segment, The 
simplest ionny are (he irmrmmiu (e.g. Jnhstcr*) which breathe by means 
ul git Is or through ihc body* have well-dev doped frelrrs, ami a thin 
shell covrr. The wholly extinct race of trilbhitt*, clawed among low- 
order crustacean*, were among the must cummini, intr noting, and gro 
lugh'dlv important of Palco/me nmmaL i Fig. 277)* Tfwf began in ihe 
e:irlie^t PaJenguic, reached thtir ruImimiiHui of development before the 
middle of the era, and became extinct by the close of the era. They 
were inhabitants oi the sea. In early Paleozoic tune they were among 
the most highly organized of a El animals* and they were progenitors of 



Fir.. 373. A He vii- 

Fl n. ±?b. A Permian rilnm- 

tiiici g 0 n i m r i 1 e» 

bf ml Ltphalj.ipi.wj, M*4*2 tu¬ 

put- 

rn. f /r.t 1 m m fltiflEif 1 V V h it* r 

frfpvL {Alter 

thijU'trcg higblv fi>t 4 ril sii- 

fillip 

(jig 1 psetinmt} lines. 


bier and higher types of arthropods. They were remarkably varied in 
size ami tnrm. ranging in length from 3 tv. than an inch to two feet. 
Thousands of species have been round in the Paleozoic strata. 

An extraordinary tonn of arthropod, belonging to the class of 
urfuhnijfi* was the ruryptsriJ or so-called “sea scorpion 11 [Fig, 378) 
which ranged throughout the Paleozoic m ;* great variety oi forms. 
Thrir pairs of jippendagrs grew out of the head plate only . ihu* dif¬ 
fering from the tribbites. Modern scorpions ate related to them. They 
culminated in size in the middle Paleozoic when some individuals at¬ 
tained lengths tit rix to eight feet. True rcurpiQm appeared in the 
Silurian. As for as knnwrn they were the earliest land or air-breathmg 
luiimsls tu inhabit the oink Tine spuhri appeared in the Pennsyl¬ 
vanian. 
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Flii. i??. Cambrian iriInhered. reared inrrri*.! .4, QlfmtHui ffiihrm, cWatfCTmk 
Hji ihr Lowrt Cambrian; l* r FuradcjriJti i>*hrmtntf r rh&rmcrtafc *f ih* 
Middle Cnmbrlxii; r, /u/jwrjfjrj, cbarctetertnic of ihe Upper 

Camhdao* i Fnwn Clusm^riUn ju<I S^liiburyS iH <jwla®r f hfc purmi>aioTi of 
Hunry Holt and Company. 3 


Flfi. Ijt. A -SiJtiEi^n eurypierid, Eurffiirit rrmipfl. S stored to llflUPT upp*r tide* 
(After Clarke And Rurdrnuii^ N, Y. S»k Mus. Mem. 14 .) 
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Instrit comprise the highest folm* nf arthropods. The oldest known 
fossil form* occur in Pennsylvania strati from which more tlmii sooo 
species base liem unearthed. As would be expected* they were ill I ven 
simple, primitive types such a* cockroaches and dragonflies (FEg. 579). 
Many of them were remar Stably large. Cockiuachei several indies l<in^ 
and dragonflies with a spread oi wing of over two feet ant known to 
have existed* Development of insects was especially la voted during the 
Pennsylvanian (coal age) tame because of the prolilic vegetation, hut 
probably they actually came into existence in somewhat earlier time- 



Frc. *79, A Pennsylvanian iM«t f CnryJalaidt1 JcudMri (Btatjgn£art}. Tluf 

iEisTfT had :i »pt rjd ijif wifig ri-f ii ioeht-- ■ Ftuxii Le Caqtc^ “OcQfcogj , ,“ per- 

mission ui IX Applrfaut jmi Company. ) 

None of the great variety or higher types of insects lived during the 
Paleozoic era. 

Vtnchrairs constitute the highest sub-kingdom of animate with man 
at the climax. A vertebral cot u tun (usually a backbone I dtaractc nztA 
them. Thr oldest known vertebrates,, found in the Ordovician. were 
very low-tirder, primitive forms. These were the ustraccHlcriiK l j*u- 
called “armor fishes”). Moat of rhem were fisbJifce in appearance S Fig. 
280)1 but they weft more Jowly organized th^n true fishes. Some 
of them resembled certain arthropods- For these reasons the ostraco- 
dermx. or creatures iislilIi like them, have been regarded as the connect¬ 
ing link between the invertebrate and vertebrate animal*. They were 
rarely more than six or seven inches long. The vertebral column of the 
TOtratoderm* consisted of cartilage, and it extended dear through the 
rail portion* They were provided with jointed swimming paddles in- 
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$tcad of true side fin* ot fishes OatracmiertE* reached their zenith of 
development in the Devon mi i and became extinct by the do*c of rfiai 
ptjrtcxl. 

Next higher zcmln Really, autd nrxt to appear in geological lime, were 
the fithrs, Also, die first known iishts were very low-order types (t.£. 
sharks) in the Silurian. In these respect^ therefore thr th Ju-s perfectly 




FlC, it*. Devonian t*lraerwJwni*; * PtnirM^f UtluJiBtirhi, mowed (Dean 
Alter Woodward] ; Trfmaimpu. r«tar, A iait C( Fatlcjrl. 


illtiBtratc tlir wdl-bioHn law at evolution, ttsmfclft tbqt animals ap* 
[wired i |1 gtdn^cd lime In sn Incrc-HTrig order of ranplrjs]ry of nrg*ni- 
^atKin, Tlic fbhvs showed such a tmuciidnij* development into ninner- 
ons species nnd Cdunfe individuals during the Devonian that the peiind 
has long been bum'is as flit? of Fjsliau" 

Very rtprrseniaiive of the Orvnmui fishc* were sharks, srthrndiranj. 
dipilosins, and ganolifc. Shortt, then as now, had wholly cartltafin&ug 
sktktMB and they irtrt not covered with scatc* nr plnlEs, The re¬ 
markable tirtfirhHir'inf fmvr !hjj!£ since betaine i.xtitKt. Btmy armor- 
plates coveted the fore part of the My (Fig. aS*0- Somt nf them 
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were iu to 2 $ feet long. They were probably the rulers of the Devonian 
sc&s. 

The dipnoam were remarkable in being able to breathe m both wafer 
ainl air. Their litnhlfke fin* am! lung iic* were more like amphibian 
than fish featuris i Fig- aBl )p Modem descendants art rare. 

Ganoids were the most" abundant and highly organized febes of fhr 
time. They were characterized by a covering of small bony plates 
which did nut overlap each other as in typical modern fishes. Their 



e 

Fc: aii. Drvsnian fiih**- «*. DfpfKwn, £>//irruj «u^rirrrraa4» {rmorrd by Tra- 
i|uuk}: 6. Arthrmilittu fflVcdJtf/n* ( rcaE^reti by Woodward} ; 

tiarii-nj, tfjfn/r/jj ^miared by Xiebolw-nj. 

complex tooth structure, ukuH bones, and limblike fins were distinct 
amphibian featured i big. 281 >. 

The following statements in regard to Devonian fishes arc of par¬ 
ticular evolutionary significance: 

l l ) All were of simple t> |>cs. The most typical and highly organ¬ 
ized, true bony fishes, so common todjy, did not exist in the Devonian, 
and eern dir ganoiiU ivi-n- ai primitive types. 

iz j All bad * iirblagirmus skeJetatfe* Tile vertebral column and 
other portions of the *kcIc-tnp were not ossified 1 i.e, changed in bone j 
i JJ AU had vertebrated tail fins. The verTebtul column extended 
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through the tail fin and gave off fin rays to s\ifrport a lobe above and 
below- Sometime* this tad fin tvifi symmetric and sometimes asy miner rk\ 
The asymmetric form a* ifgarifcd a* the mole primitive, Mwt modern 
fislie* (telmsfcsl have nnit-vmdbrstlrJ tad finv, the fin rays being wit 
cnat from a plate at the end of the vertebral column. 

(4) They ivcre generalised ivpes, That is to say, combined with 
their characteristic* of true fishes were other features connecting them 
With still higher i amphibian) fumis of uriimls. 

During later fttlenzaic time the t* 4 iw k underwent no outstanding 
solution ary change. 

Amfihibiftoii fake rank next above the fishes, having evolved from 
ccrrain types of the Jarter in raid- Paleozoic rime. Footprints only arc 
known in the Devonian racks, but U tssisdppi jj% Pnimylvimian. and 
Pertmaia strata liavt yielded many and varied fossil forms, Then as notv 
they breathed by gliLi when young ami by Lungs when adult ■ and 
they had large, born, rootlike skull plates. Amphibi&m arc relatively 
unimportant among the vertebrates ot today, but in later Palcozoir time 
they reached their culmination in numbers, complexity, and diversifica¬ 
tion of size and forms. Many ot them wetv then small creatures 
sostmwhar like their nearest lining relatives.—the s&hjmmideEL Many 
other forms were anions the gigantic land vlt wbrare* of the time, some 
having reached, lengths n j 6 in in i Fig, i$j). 

RfpiiU} are itill higher animals than ilir amphibians, and they ap- 
peered on earth at a still later rime. They never have gill*, they always 
have bony scales or plart^ developed in rhe Ain, and they constitute the 
highest forms of cold-blooded aninifik Reptiles developed from the 
amphibians in late Paleozoic fitnr. Reptilian amphibians of the PetimjfL 
v union evolved into a targe vuiirty of true reptile* of thr Permian, 
some of which were over R feet tang l Pig. 284). An important bet, 
from the standpoint of evolution, U that Permian n-p tilts already began 
to show certain distinct characterisrics nt the still higher mammals. 
Birds and mammals were not in existence brioitr the end of the Paleozoic 
era* 


Ge^£sa(. RfMAHits us Paleozoic Life 

Viewed in abroad way, the! life of thr P.ifrozoic was distinctly dif¬ 
ferent from that of the succeeding Mesozoic or Cenozoic* Very icw 
species and not many genera passed from the Paleozoic to the Mesozoic. 
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and even the larger groups of organisms which did continue usually 
underwent important structural changes. Paleozoic organism* were the 
nwre primitive in structure, and it Lets been aptly siid Urn tltej bear 


Fic, zS), A PennsylYinitn amphibian (labh rlnihckJiinr . JTrjfrfj This crwmiff 
-is?a kngrK ol t ur I it*E. (tioimttj ot rfor American Mwum of 
Natural Hit wry,) 

somewhat rhe san>e relation to the succeeding forms that tile embryo 
does to the adult. 

It seems to be a well-established fact that profound change* in the 


Fit s> 4 - ^ Fermlau ftpTik, Thh trtaujrr veiled a 

length uf »irrf * f«t {Aim ftr^an, Emm ChjinkiEdhA mui 
‘^Gwlegy" curtesy tit Henry HoJt and Company.) 

natural environment have produced fundamental changes in thr plant 
and Eminml realm*. Thus the latr Paleozoic and early Mesozoic was a 
time a* one or the most profound and far-reaching physkol disturbance* 
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in the known history of the earih- Great mountain* were being made 
in infltiv pans of the world, particularly in casein North America and 
in Europe* the bods were much increased in size and bright: one of 
the two greatest known ke Ajjes was a feature oj the Permian; ami 
die ocean ivater* were a fleeted in various nays. These physical changes 
in txjjn caused dunatv changes, altered habitats uf plant! and an i trials, 
and modified wuim or food for rhr animal*, Accompany trig these 
changes, the giant kpidophytes, seed ferns, and cordailes became exttner, 
while higher plants, such as cycads and conifers, began to ctothe rite 
earth. Large groups of animals, suds as ancient primitive corals, primi¬ 
tive ediinodcmis, trilnbitc^ and cutypterids, and simple chambered 
cephalopoda, disappeared fmm the waicrs; amphibians culminated; and 
modem (complex) corals, complex chambered cephnlopttds. insects, rep¬ 
tile*, and nmnimds made their appearance. 

It b very significant tact, from rhe standpoint of evolution of life 
on ihr planet, that very few if any tpecies of either plains nr animals of 
Paleozoic time have continued to exist to the pn^m day. In mher 
words, since ehv Paleozoic era closed, a|] life, in regard to its myriad* of 
species, has undergone a practically complete revolution* 
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MESOZOIC ROCKS AND HISTORY 

TwAssie PehIod 

Triassic RocIiSh The attornpftinmg map > Fig. 185'i 4 imiv thr 
surface ilisrribuiLciD or t'MJtK the Tri^siir and Jurassic rocks m North 
Arnerrou Ibr Atlantic Coast areas are wholly Triassit:; the Cnliforiiu 
are mainly Jurassic; ami the remaining areas inclmle both TrisssEc 
and J Limssic rocks which have usually not been carefully separated. 

There ts no reason whatever to believe (bat Trias it iixb were ever 
dqinsirnJ over Canada cxvrpi altijig (hr western cnasr mA to a >ilip;hr 
extent in Nova Sci>ru, Likewise ir is nut known that Triassic rodks 
ever r>ccnrred in tile Mifsiisrppi Hasin except immediately easi o! the 
Rocky Mountains. This h in marked contrast with rhe Paleozoic svs- 
tons, Accordififfh, xht present concealed Triassic rocks and areas or 
fheir former presence ire larjjtl^ codJinrd io the rr^iom of cxistm" 
outcrops. 

Triasatc rocks {Wnttarl serits) occupy comparatively small narrow 
.irras ju.li cast id ami panllel tr> the Appalachian MinimaiM niige irom 
toilhfBtfm Sew \ nrk to S<nj(h Carolina, and farther northward in 
the Connecticut Kiver V nllcj - and in Nova Scoria* In the northern 
arcus flit rocks ;i rc saiidstosiK and ih.ilrs, with smr ii'.irse coiigtumcraro. 
especially at the base. Jiccjutr ui their prevailing red color ami general 
rc«tnblancfi to the "Old Red Sandstone" i Devonian) of Scotland, they 
ftase Seen called tElc New Rn| Sandstone. 4 Many of the beds alvnw 
suit trucks, rsiintrdji pits, ripple marks, and footprints, arid remains of 
land reptiles I dinosaurs). In Virginia and the Carolina^ the rocks have 
a similar lithologic character, though the red color L not so common, 
and some workable coal beds occur. The fossils, which are mostly 
plants in the dark shale*, point to the Upper Triage ajjc of the series. 
The rocltr of the retie* arc neatly everywhere somewhat folded, tilted, 
and extensively fractured by ruitmal imln, and they also contain numer¬ 
ous lava-Datvs, intrusive sheets, and dikes. 

Tile I riissic strata of the western interior region are distributed 
mcr iiearJ) the same areas as the Permian, am! in many places the rocks 
of these ttyo systems are not at all sharply separated. Nearly all the 
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known Triassic rocks ui rib western interior of the United State* arc 
located within, the outlined area on map, Figure iffy. They arc much 
like- thr- Permian of this ngifim hm rWv H >rr even more typical of the 
so-called "Red Jtafa" Sandstone mid shale, with some conglomerate, 
limestone. and gypsum, arc the predominant rocks. Some of these rocks 



Fh- it;, Map nfamving iht turf art dhtuNmn farrm o| outcrop! of Tria»ie 
iini jurank it rail in Mutih America- Sum* area* df iluuhiiu* ^h>E 
txmu hiH ihatim In British Columbia. . \ ! I All.irilk CuaM are an arts Triaiik, 
to much of ihi 1 wmcru Lhiitrd Siatri tk Trifldt snsl Jufjvjii: hai~r noi jfi 
bftli miit-facSoiiN fc[tiriLril. 


are of restricted marine origin, but most of them arc of either salt- 
lagoon or terrestrial origin. 

The Triksasc strata are locally much folded in the mountains of the 
western interior* but over wide areas they are nearly huriaoruaL They 
are wonderfully am! widely exposed in the Colorado Plateau where the 
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nearly TinrizonEsll strata lie from scoo fn lO.OfrJ fm afcovr sen fci^L 
Because of then high dearer ut sculpturing and cuWiti^ 4s id the 
Painted Desert uf Arizona, they form a striksn^ featurr ui rli^ l.mih 
«:apc (Fig. 388), 

The T ridsric rocks of the Pacific Coast include the onJv trite ns urine 
strata of this age iri North America, and they are there extensively drvrh 
oprtl with practically .ill portions of the system from oldcfi tu youngest 
well represented, particukrlj in California P md Nevada, Tile h* b 
consist mostly of marine shales, lime? tours cudglijinerat^, r md larni- 



f to! yiAr. M am aril uiA 






stories. These rocks are often more or Ira mctaiiHirpliW. m in rim 
Sierra Nevada Mountains. Tfic forks are usually much folded and 
oiren faulted ui the western mountains. In CalttVnril*, southern Alaska, 
and lirrrisli Columbia thr U'tfni rfitituns great sjciTkfics- of igneous 
material. mainly lavas :if)il tuffs, reaching tutal thicknesses oi thousands 
of fert. 

The thickness of the Triafcic strata on the Atlantic Coast v- from 
jrxK) to fully 15,000 leer; m the western Interior from a few hundred 
tu several thousand feet; and on the Pacific Coast from several thousand 
to 1 3,000 feet. 
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Trisssic History, Stas and Sfdimnstatintt. Accompanyirt£ map 
Fig. shinvs the arcaa of continental deposmuri in enstern North 
Amrrkx during Upper Triadic tittle, These vvrrr all in the general 
Appalachian region. The mm-nurim- formation* at Upper Triassie .igr 
clearly show by their daMriimnon and mode or occurrence that the} 



Fie, z$? r Of neralbed pvUogeDfpBphic map jIidwitig lem and land area* in Nftrtb 
America dining Lju Trunic timt* Thif was the er^atut Triadic seg 
Whiff at ra», land ^ mini a ream tra; cross-ruled are<M, partly modified ma¬ 
rine a nil paidy k'L j^i i tn. 11 r ,11 ^ndJlIim SsiidLI circlen show rqlc^riie ialaikd* 
in the wfftern tea. Principal data f modi tied 1 f rons maps by H. Willb, 
C $eh'jcbm h 4ml £, B Bianwii. 

were drpo-nErd in a nr long, troughlike basin*. Because thrse 

fnMigh* were situated between ihe tWti teit hud ma»rv- -Appalachia 
and the nt'vvlv formed Appalachians—the conditions were very favorable 
lor rapid accumulation* of thtek deposit* in them* The grew thickness 
of ilic strata Uiusjiimim 2 miles or more) strongly points to a sub- 
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sidence of the basin floors while the deposition was in progress. Most 
of the rocks arc well stratified. The gene rail) red color and freshness 
of the material in the formations indicate that the climate of the time 
was arid 01 semi-arid, ami the presence of sun cracks, ripple marks, 
ami trucks of land aniDials at many hoiiwits show that the beds were 
Iiitd down in puft nn land, but mostly under shallow witter, such as 
flood plains and playa fates, where frequently changing conditions often 
allowed the surface layers to lie exposed tn the sun. 

Remarkable reptiles of Truistic time, known as dinosaurs, left uunier- 
ous footprints on exposed mudflats in various places. In many eases 
flic tracked surfaces, alter drying in the sun, were covered by the deposit* 
left by succeeding Hood waters. Such tracks are found here and there 
thmngh thousands of feet of strata, particularly in the Connecticut Val¬ 
ley. Outcrops of these footprint-bearing strata arc fine illustrations of 
the remarkable detail in which some geological records may be pre¬ 
served, 

During the rime of licpotihnn of the Triasaic beds, there was con¬ 
siderable igneous activity, as shown by the occurrence of sheets of Igneous 
rocks Within the mass Ot sediments, hi some esses true lava llows with 
cindery tops were pouted out on the surface and then became buried 
under later sediments, while in other cases the sheets of molten rock were 
forced up either between the strata or ohliquelj through them, rhui 
proving their intrusive origin. As .1 result of subsequent duastraphfcm 
and erosion, the* igneous rock mattes often stand our conspicuously as 
topographic features. 

In Earl) 'I nas-ir time ihe Pacific waters spread eastward in the 
form of a wide gulf over much of northern and eastern California, 
most of Nevada attj Utah, am! into southeastern Idaho. During 
most of the AliddJe rrioasic, Nevada was still submerged under (lie sen, 
hut the rest of the western interior was land, probably receiving con¬ 
tinental deposit* here and there. Late Triassic time was marked by 
the development of a great basin covering a large part of the Wtslcrn 
interior region* This basin seems to have been a more or less cur off srrtt 
of the sea. Connected with the Pacific across eastern Nevada (see Fig. 
287). Very typical "Red Red*/' indicating aridity of dimate, were 
extensively developed in this basin. Modified marine, great salt Jngoon, 
salt lake, and even terrestrial conditions seem to have prevailed from 
time to time in this basin. 

Viewed broadly, there was a progressive submergence of much of 
the Pacific Coast of North America during Trustic time. Early in the 
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perinj mm t>f California and Nevada were Juhmerged under the scat 
in the middle of the period there was added a wide embay merit over 
much nt British Columbia and the sou thern end of Alaska; and ill the 
Upper Triwsfe almost the whole Pacific Coast area from central Lower 
California to southwestern Alaska was under the sea* There was prob¬ 
ably also a connection with the Arctic Ocean across extern Alaska. 



Fi^ aRfi. E^riEontnl hJ Retl &cdi" ranftiifein^ cif Inte^cddcd red ami 

*hulc njih iiiuxjiirau* Cyuerttuxii. Near Tuba City, northern Arieouq. 


Figure 287 shows the extent of the greatest North American Triassfc 
sea* 

In much of California, western British Columbia, and southern 
Alaska submarine volcanic activity tixik place on a tremendous scale 
in later Triassic time as proved bj the direct association of thousands 
of fret of lavas and tuffs with marine strata. 

Close of ike Tritime, The Triable closed in eastern North America 
with crustal disturbances which robed the ba*in* of deposition of the 
Triassic Rocks into dry lamf T and broke rhe strata, md associated lava* 
and intrusive sheets, into a peat serira of tilted rank-blocks, thus leaving 
alt ol the eastern halt or two-third* of the continent dry land and un¬ 
dergoing erosion. 
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"Red Bttfa M probably conifmied m accumulate over the western in - 
tenor region. There wtras hi be clear evidence that marine waters 
withdrew from the Pacific Gnb-i repon during Infest Triitavc time. 

Triassic Climate. The extensive arm* or '"Red Red*/ 1 often ac¬ 
companied bv salt and fiyr^um h in the wmern interior and eastern North 
America r nnrrhcrn =md western Europe, and northern Africa show wide* 
spread aridity of cltmatr in the northern hemisphere during tile period. 
There is no evidence ai gtadalion, and die fossils intjirate gaina! mild- 
ness of climate, except at die dose of thr period when the temperature 
was Jisrintdy lower than uiuuL judging by thr character and dri- 
tribiifimi or the fossil*. thr water oi thr Arctic Sra was appreciably 
confer than that of lower latitudes m that climatic zones must have 
been defined to some extent at least. 


JlltA&sic Period 

Jurassic Rocks, Differing from M preceding system*, rocks of 
uiTifouhred Jurassic age arr wholly confined to the western part of the 
continent. The black porting uf Figure 2#5 contain nearly all of flic 
numerous arens oi uLitLrojH of Jurassic uxk> in western North America, 
The Jurassic strata of the Pacific Coast, from anthem California to 
southwestern Alaska, are largely o\ marine origin. Various Jcnnb of 
strata art represented, and these nrc usually somewhat instamorphciscd 
and much folded and faulted. Doric slates arc perhajs the must common. 
The strata ore nrarh evervwhere closely associated witk ignroti& mute* 
nal, thi* brin^ parricularly true in British Gdmilhia whine the 
$vsfeni is unusually thick and vulcanic rmb eumti trite about one-hnli 
of it. 

Tremendous bodies of granite (or ntrhcr "granodioritt") of Lite 
Jurassic age occur throughout ihr Pacific Coast region from western 
Mexico well into Alaska [ Fie, 2 Qi }. Tiese iutruriorti occurred at the 
time of the Sierra Nevada Revolution (sec beyond h C Jranod in Kir of thin 
m |* wonderfully exposed in the wall* ot Yowmitt Valley, California* 
and elsewhere in thr YoMmtite Xatirmul Park ( Fig. 292), 

In the 1 vest cm interior of the comment, Triassic and Jurassic strata 
often bin e not been satisfactorily separated, but extensil e 'Ted Bed* h 
(with gypsum) of conttncntal origin, like rho*r of the Triadic syntern 
of the region, arc doubtless of Juras^L -ige. itj the walk ai Zion C.im 
m Utah, a continental r^rmariun of neatly hori/r>mid. massive *and 
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stone over fert thick ft wonderfully exposed, Ii h red in its lower 

portion* and white in its upper portion. Tile lower part ot this great 
formation smy possibly belong to the Trias&ic, 

The *mU known trtn\ riming Jurassic *traiu in the western interior 
arc of Upper Jurassic ajgc, Thrac marine met* ocunpfiw all types nr 
ordinary sediments* especially limestones and shales, usually much folded 
in the mountain regions All oi rhe Upper Jurassic marine strata of 
die western in ter lor of the continent occur within the area represented 
having been occupied fay sea water an Figure 29m. Overlying the 


FlCi Rgjnhfliv Natural ticJr the rnidrilt-iflUlhmi hfianriaty of Ulflh. 

TM* urtji i^k AtcK r.vi -3 krr high. has bti-u carved hhii ai red Juruiic 
^□[Edsitane. i Photo b> IL E. Gregory. 1. $. Geologic*! Survey.) 


murine Jurassic in the western Great Plains region there is a very late 
Jurassic formation ot continental origin add remarkable because so many 
remain* of great reptile* have been found in it. 

The thickness of llir ".ystem in California a* known to reach hilly 
i 5,non tret, while in western Nevada %ik*> to toxo leer of linKStWre 
and slates are reported. In Alaska a maximum thickness at ij P ono teer 
has turn found, and in British Columbia, (8»ono feet. Throughout the 
western interior the thickness never *p pears to be g7eat„ usually not 
mote thtm a few tliiJii^ind feet* 
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Jurassic History, Stnt and Stditntntrtthn, Tire I’aeifie coast 
region Mtits to have been above sea level m earliest Jurassic time, Then 
the waters oicmariwd upon the fain I, covering the Pacifu LVr.tsi region 
from the south eml of Lower California n> southwestern Alaska, Tin; 
sites of the .Sierr.1 Nevada, Cascade, arid Coast Range* were then sea* 


Fit Central in it pair, ^graphic map showing , fs V nt laml i, Til ( n N.tb 
i\xn*fie,i during ihr «Hy part nt Utf Jurats* time. White nrfJ ^ |„ruh 
ruirij arrav , ci . ] In, , the *rwlt* Jimtsiie «*. Small die!« .how 
the general itmnbtmon of Middle ami Lair Junusk volomt*.. Frinfipal 
data imoiJirinJ | from main by c. Crirlfliav and C. hvhuchrn 


covered, fiarrinc relatively minor changes, tlm marine waters became 
more extended until they readied the climax fur the period. This was 
in the earlier pari of L»lr Jurawic time (Fig, **->, at which nine the 
island region of British Columbia seems tn have been a land area. 

A> in the TriasstC, tPetamdous volcanic activity, mtui tr submarine 
or on volcanic islands, occurred. "Toward the end of Lower (Early) 
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Jurassic time voLcatnr* appealed along a great belt from southern 
Alaska, through th-r Caa>t Range region of Britialt Columbia, and into 
California. Itreat beds nf agglomerate and llriw* of Lava pi ltd upon 
each otlacrr on a sinking earth'* surface* Fat ufle briri spell. in the 
early Middle Jurassic, the violent irriiptrom ceaed* ami during this 
interval the sea spread over most d the h»Vtt-droromd arcus, and left 
maririff deposits* But shortly these were again buried beneath the prod- 
Licrtfl of renewed eruptions until thousand* of irct og lavas md pyroclus- 
rids had avommhnal," 4 C. H* Cricfcmay*) 

During Early and Middle Jurassic time* there w:b deposition of 
conn neural 11 Red Beds ' 1 material over much of the centra! portion of the 
western interior, especially m the states or Wyoming, Colorado, Utah, 
northern Arizona, and northern New Mexico* These rock* are excel¬ 
lently exposed in The Colorado Plateau where they are usually ac-JO to 
JiXt'i feet in thickness. The remarkable m^hedding of saniiitonc for- 
motions ' m more fet-r thick, such as the Ym^a sandstone, strongly 
points to their wind-blown origin on a grand scale. 

Ad important change occurred lei the Late Jurassic, namely, the 
spread of j shallow sea southward iron the Arctic Ocean to the east 
nf Alaska and wuth go nnrthem A; ieornu This ants of tin? *ea + or 
great mediterranean, was bio Ofcilrs wide in the western inirrior of the 
United States, and considerably narrower in Canada as shown on the 
map (Fig. 290)- Well before the dose of the period, the interior sea 
vanished, and renewed ""Red Beds" deposition occurred. 

Nu Jurassic sterna now occur in the eastern two thirds of North 
America and we h:ue no rviffcrH’r fhut any ever were deputed therc. 
hcnct fha£ v,1’’t area was dry bnd undergoing erosion during the whale 
period. The period was ushered in by a considerable upwarping of 
the Atlantic border accompanied b\ some faulting and tilting, particu¬ 
lar!'. of the Tmssie rocks. That thj* uplift actually occurred, and that 
the Jurassic period in the eastern Uni ltd States was a time of r\ tensive 
erosion. well established, because the whole Atlantic seaboard, including 
the tilted and faulted Triqsstc strata, was worn down toward the con¬ 
dition of a peneplain and the next sediments i Lower C ret actons j were 
deposilrt! upon the caste rn portion at that worn-down surface. 

Chtt <?/ thr Jurtinu iSirrrtt Xi Vtirfjt Rrtwiuthn), The close of the 
period witnessed profound geographic changes in thr western part ot the 
continent* During both the Triassic and Jurusir periods, as well a* 
throughout much of Paho^oic time, there had been more at less com 
turnons deposit ran of scdrmcfitB an the Pacific slope over the sites of 
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the present Sierra. Cascade, ant) Coast Range Mountains. Toward the 
close of the Jurassic period these thick sediments, particularly in the 
Sierra region, were subjected to a tremendous iorce nt lateral coiupres- 
sion, the strata being upbeattj, folded, and crump!nl. ‘Jim, the Sierra 
Nevada Muutitairu of California were home out of the ocean and the 
Padlie elmrdine was transferred to the western base of ihc newly fanned 



Kic. i.jt. Map of North America dtunini; (la blieLj the (irinrjpal imlcr.ij.plns 
rsicoirtuc uud Mworoie hirh.itith*. Thaw oi tin wm art iwaily 4 |l r,| Lilt 
juta'sic. ti{ii alinJ ihtiMi at (he till ar? Lai: timiirn uitb cnt.re Of less arsu - 
eiared Devonian intrusive hodiei in Ntw Bagfaml and north* ml ward. 


range. The Sierra Nevada Mountains, in this their youth, were most 
likely a lofty range but they were Inter much worn down by ercuion. 
ibeir present great altitude having been produced by later (Cemreoic} 
movements. 

Tile licit evidence indicate* that ibis otogenic disturbance also af- 
ferred ihe strata of ihc Humboldt and wilier ranges of western Nevada: 
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the moon tains of southern California; the Klamath Mountains m north - 
uc£ tern California; nml the CVlluEi- Mountain region through Oregon 
tuid Washington. and p to a notable extent, British Columbia U h 
perhaps ml too much to my that fhr whole Pacific Ctwwt of the Unite*! 
Staled and probably most of the west coast of rhe continent, vras more 
or loss profoundly affected by the Sierra Nevada Revolution, 



Fad- agj HiSf Diijtic mjriTudr. $Kj,i fcei> and part of ihe Slim NcvjiU fLin^r 
jj wen Jirrfti Glacier I'oinr in Y^rmitr Nations! 3'arfc. Pftm tenth ill <he 
mrfc in vjeiv if Latr Juia^ic grjClht ■■if graluidEorhet farming part of th* 
sr^at Sierra Nevada hathoHlh which vs an intruded at ihr tune of <br Sierra 
Nevada HevDluittin, and since laid hare by cmitui- < Photo h> F. E, March 
L\ F, Gtcdo^icaJ Survey) 


The strain occupying the site of etui present Coast Range* iverr 
wmicwtml tie formed* but probably only enough ti> fonn a chain of 
island* or i very low mountain range. TIii-. is proved hi iln* fart that 
Lower Cretaceous strata are found resting Einconfcmioblv upon the 
deformed Jurassic rocks. The orpgcmc movements which produce the 
Coast Rattge Men I n mins aa we now see them came later. 

The great .mil of the sea or gulf which spread over the western 
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interior region late in the Jurassic was drained as a result of these 
crustal disturbances. Hence Wt Icam that all at North America was 
dry Eaud jii tht dose of the Jurassic period. 

Accompeimlng ihe Sierra Nevada Revolution* tretnenduu* volumes of 
gfanirc (or granodiorite1 magma* waft intruded in rlie rorni nf numer¬ 
ous Urge and small bathed iths. This was the greatest rime of plutonic 
igneous activity in the post-pTot^rwcoic history of North America. These 
bathaltths, now exposed to view because of profound subsequent erosion, 
occur throughout most oi the Pacific Coast region from western Mexico 
well into Alaska fFig. 3gi), The Sierra Nevada bat Judith alone h 
about 4- 0 mi!rs long amt !<* 75 miles wide < Fig, 292 ), but ihe 
British Columbia bathdith is \rn much larger. 

Jurassic Climate, Iti general the evidence from the character and 
distribution ol The organism shows that the diuute of the world was 
somewhat cooler than usual during the Earh Jurassic, as indicated by 
the curbing or dwarfing of various marine animals and hind animal* 
and plants. Thr climate of Middlr ami Late Jurassic tunes was, how¬ 
ever. characterised by general mildness Corals, tor example, ranged 
much farther northward then than they do today, and great dinogaurian 
rrprilfs roamed regions as far north as Montana, 


Cretaceous Period 

Cretaceous Racks. The very Jj£rtat surface distribution of strata 
of known Crcraceou* age is shown on the accompanying map fpig.. 
293)- Cppcr Cretaceous ssrata are much more widely developed and 
more extensively exposed af the surface than those of Lower Cretaceous 
age. No system of srraia, from thr Qnahwati to the pttscut. is m ex¬ 
tensively exposed a? thr Cretaceous. The Tertiary system, counting hnth 
Volcanic and sedimentary rocks, i> about as widely exposal. 

Cretaceous strata form ^ narrow outcropping belt along the western 
>ide qf the Athmtie Coastal Plain, with ilir € r xception or parts of Vir¬ 
ginia and North Carolina where younger strata completely conceal rhr 
Cretaceous* Passing eastward from the exposed belr well boring-; show 
that a large part of the whole Consul Plain is underlain with Cma- 
wilem irrata, ,l Tht sediments in general form a series of thin sheets 
which are inclined >eaward t 50 that surtrrarivrly Lsirr formations are 
encountered in .% murnty Irom the inland border of ihe re-ran toward 
the coast" 1 The oorthrrnmost Cretaceous exposures arc on Mhrtihlhi 
Vi neya rd H ,\ 1 stwchu sc rt&. 
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In 4 Mini Ur in t!i r Gulf Coital Plain t including Mexico) 

the widely putt topping Cretaceous itrala : Fig. 393), dipping gold) 
inward the roast, air known to be extendivdj dcvrlgprd under cover 
oi later iorinarimts. In general* thcreiorc* the actual extent of Creta* 



Fit’-. J9J. Map iii \iprtlr RKr 1 ECU »hftwick£r 12= it ^Ulfair dlwrihufiilQ (nrfU rji i;Ul- 

Cfflp'i Ilf CrctiLTflm 5Erain. T ht large aitd iinoil area* in ihe W t ttHfl in- 

t#t the cumiiic ikt vcr> Err^K rtpieSfur Upper Creluctoui dt-puniti. 


CTOUS mat* in rhe Atlantic and Gulf Coastal Plain* e* much greater 
than its surface exposures 

A large part oi the western interior of North America slums Upper 
Cretaceous strata at the surface, but there are only a few small amu of 
l ower Cretaceous* Tike very rxnrruivrly developed Upper Cretaceous 
strata east of the Rork} Mountains in both thr United Scares and 
Camdu. form a very hifge oji tempting atra (Fig. icjjl. fmr s because 
they have been little deformed by folding nr faulting, and, second. 
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been use they have usually nnr been much covered by bter material. 
Within the Rocky Mountains, however, the Cretaceous nnta ' 'ny 
largely Upper Cretaceous), because of more or lew folding and subse¬ 
quent Jeep croton. show a putchy areal distribution. In the Colorado 
Plateau the rather widely exposed and comparatively little deformed 
Cretaceous strata havr been mini* cut mto by erosion. L.H|ie and stoat I 
bodies of Cretaceous are concealed under later rock- in ffainy parti uf 
chf wwcm iisteririr of fht* continent. 

On the Pacific Const at the United Slates, relatively small areas *«f 


Fifi _ 4. Kndv rpptt Cmswi 1 v Uni* nf limeM^nr nttsl ^"h a r >■ which 

wire laid down in 1 he prtat inrenof ^ Near Timlchcr, Colorado. ilMiuiu 
hi N. H, Darfron t- $- GrolugkuJ Surrey.) 


outcrop; 01 bmh Lnwrr and Upper Crrt&ceoiw Sediment -how, but. 
because the r*H'k± arr there irtiiii]J> in a highly deformed condition, they 
arc trally much more extensive than the surface arras. The CrctsLCmus 
sysrean is most rcmtrkflhly developed in California where some of its 
format m ns arc many thou&ami* of feet thick, h :dl rhe maximum thick- 
noses of the different Crirt&ceGtt* formations of California arc combined* 
tile total ft neatly 90,0.10 fret, Thft ft a truly mnaitbg ligme, but it 
should of cmirae Ik underwood thir no .single: section in any region 
show.* suck a tSiicknr-s. In many places. km 1 ever, thitknrssci m io.^ic 
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fn zo/v*. feet are comman, and 4rv'O u* ^v- 11 feet nf Crerjbteaus 
strata un-s ud to occur m thr Coding* i[ C ihfmni* f dr-mri silrmr. 

Cretaceous rocks are widely exposed it] Mexico (including Lower 
Cull form a J fc western Urimli Qduiiibiu. western Yukon Territory, mid 



Fsit, Generalised ptln^topiphk! rn 4 igi showing i*a 4nil land area* in North 

AiiiriLi ji ihirln^ eLi: Farer part wl Early CrcUaotii uriir. While ;ikj\ Lind; 
ruled areas kl Principal daia f 11 n »■»! 1 n !.■ t| > imm era apii h. ^Vi S E cr sud 

C, Sdiudstri* 

Alaska in all of which thrrr is often a patchy distribution which has 
re-1 uEted from much erosion 01 the more or less deformed rocks* 

The Cretaceous syittifl show* J iiiANumun fhickms*? -j! blit t 71 v i 
feel ort the mirth Attuntie Gnurt; ay* im in the I'Jrtmi tiulf region; 
5SOCP to 7500 feet in the western Gulf region; nv.^ ■ to 21 v>-<:■ feet 
m the western interior region, chough usually much less in any one 
locality ; and 25.00c* tu 51J.0UJ feet in California* 
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Volcanic rocks are associated with (lie Lower Cretaceous in Hrithh 
Columbia, Ltnd with rhr Upper Cretaceous'ill Texas. Igneous rocks 
(djieJly ,i Late Cretaceous and Early Tertiary tgc* occur in 



FkL 396, Generalised fialiHii^kgfaptik map drew mg ijtfJ ami timt relatmn* in 
N<irth America during ih t tAflirf parf M Uk Cmnrmtii« rime. Thi* mi 
th= nrfltlert MtfciioKr ifiL VVMfc a?ea\ ln»d ; njlnl afr^ ici PrJiiripal 
data (nmdineiT) tram roup** by ® T Willi* C- ikhuvhnrr. 

vast quantities in the Rocky Mountain-Great Hains region of the 
United Starrs. 

Cretaceous History. Stm. Cretaceous thne was characterised bv 
a gmimil encroachment of the sea upon the continent, reaching a grand 
lIuuix in the earlier part ui Ljic Cretaceous time, am! then gradually 
waning to disappear staler. During L.ite Cret*Wiu* rim r Nnrtli Amer¬ 
ica was cut in two by a vast sra connecting t|ic- ihdt of Mexico with 
the Arctic Ocean* This w as the greatest of all Mesozoic or Crna- 
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zoic rprint snw, arid it was the 1aM time that marine condition* ever 
prevailed well within the interior ol the continent, In still bier Cieta- 
mm* Timr flic *ca-£uvrrcd 4 re as gradually became snutlcr, I wing ail 
bin] at the end <if the period, 

Thr Crrfaccou* period opened with the cuastlific of I he eastern 
United State* sOMihit farther out than it nmv is, but. early in the 
period* there was enough subsidence. 01 ptawibl) warping. at the coastal 
lands to allow depositiuu of over rnudi of what is now known 

as the Atlantic Coastal Plain. That bur little down warping nf the 
surface wm ncticssan in order ta produce proper conditions for this 
sedimentation is evident, because the coastal lands just prior to the 
Cretaceous weir already low-lung as a result of the Song Jurassic erosion 
interval. There wa* just enough warping of rPu- low coastal lands to 
produce wide flats. flood plains, shallow Jakes, ami marshes back from 
the real mast line. Over such arras were deposited the sediments de¬ 
rived from the Piedmont Plateau and Appalachian areas. The very 
irregular arrangement or the deposits and thtir rich content 01 fossil 
Liinl plants afford conclusive evidence that thr sediments were laid if own 
under cnminrtiial conditions In Early Cretaceous time the eastern 
Gulf Coastal Plain region *ecnis to have ken a land at tit undergoing 
erosion. 

The rather widespread unconformity between thr Lower and Upper 
Cretaceous in these regions proves that, about the dcrie ut the Earlv 
Cretaceous, there must have been enough emergence of the lands tti 
convert list h*mm of deposition into aire^s of errainh. Early in the 
Late Cretaceous, however, a submergence nf thz coastal lamb took 
place, in an pirating the deposition of The Upper Cretaceous strata. The 
general character, moftJy marine origin, and present extent of these 
deposit* prove tint the submergence allowed a shallow sea to spread 
over much of whir is now called thr AI Untie sod casern Gulf Coastal 
Plain, According to D, W- Johnson, the Late Cretaceous sea abo 
spread westward over the northern Appalachian Tegrnn* which hr be¬ 
lieves was aireadi pcnephmccl, but, if so* all marine deposit* bid down 
in that region have been removed bv erosion. In this connection it 
is very important to note that Appaiathw. thr great laud-miss which 
had perked thtough the many millions of team of the Paleozoic era 
4> well as mrjsr of the Me^o^iic era* largely disappeared tinder the 
Cretaceous sea nor again to appear m anything like its former mcignr- 
tude. 

During must ol Enly Cretaceous time a clear and umisisulh deep 
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rpfrnntirental >ca occupied much of M«!i’0 anil Tevas ami immrdbtrly 
:djoin li it; rcgirn Great chalk deposits were formed Sri tlii* clear sea. 
Perhaps thr mjixinuim rwsrthward ratcnsiuri ui this sen took place during 
latr Early Ctetareouj rime, when marine waters probably reached 
far northward aa Colorado* 

Throughout tMf CntJicnuA time marine water? appear to have 
permitted over lire Texas, area, having been pxiiu:u|ui|y clear during thr 
deposition of chalk in Texas, The eastern unr-halt or Mexico wsi* also 



Ftc. jgr- Typferal feponir of Cprirf Crrtirftw ■'Selma 1 chalk In AfnbtonA. 
iAj>^ L \Y SleplicnHiui. ['. 5, <7i;ir!u^k j 5 SuFrt:i, PftiL Pape; gi.i 


mbnirrgeih Then? was euLisidc ruble volcanic activity in the T«i> 

reffeofi. 

Thr hr^t evidence *erm* 10 show rh H ir there was limited deposition 
in rhi 1 Rocky Mounmin'Great Plains region during Early Cretaceous 
time. and perhaps none nr all <except in the Matkenzir River Basin) 
during the first T3.1IS ot that time. In the second half of the Early 
Cretaceous, ilrptuit* of continental origin, very much like those of ihc 
wmr age on the Atlantic Co:t-E h were laid tloivrt m the middle part of 
the Great Plain* area, that is* So thr northern United State* amt south¬ 
ern Canada- At this $amc time an arm yf thr Arctic spread south to 
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driiir.il Alberta am! an arm of the Gulf of Mrxrco spread north into 

Nebraska 1 Mg. I. 

Ejj [>- iji Late Cretaceous tune. tlic Ruck) Muuntairi-Greiit Plains 
region was the stftnc nf a Very exrmfiivf marine rramgnsniuu. In The 
cmti|iunfivrty clear waters of this srs films were 1 r <5 tlnvm dialky lime¬ 
stones and other deposits. This great marine invasion iras one *af the 
inossi extensive irt the known history o! the comment* The <r,t spread 
fmm the Gulf oi Mexico uurthiviud over the Rocky Mmintain-( ire:lt 
Plain- region to the Arctic Oceun b\ way oi the Mackenzie River llsih. 
There is nn evidence that this vast interior in had any Cfinm^riori with 
thr Pacific Ocean fFig* 196>* III the middle of Late Cretaceous rime, 
the connection with tile Arctic was cut oil, anil the much narrower sea 
reached only a? far north a? northern Alberta* Near the close of the 
Cretaceous oil that remained wu> a very narrow arm of thr sen extending 
from the Gulf *trsi hi western Tcxa# northward jmo North Dakota. At 
thr close of thr period even this remnant of the great interior tea van- 
isht-d. 

At various times and places during the hate Cretaceous, there was 
more nr less volcanic activity (largely explosive) in the Rocky Mourn 
toi it-‘Great Plains region ui the UfUccd Stoles is proved by the beds of 
ruff, agglomerate, mv, interbed ded with the Upper Crct&rroin sir.it 11. 

On the Pacific Owt, during Cretaci'nu* timr t writers evtended 
over thfi sren? indicated by Figures jo- am) anti. All was land at thr 
dose of the period* Rather remarkable physical conditions must have 
obtained in western California to give rise to *utb a phenomenal iftick- 
n«& uf ftedirnrim during this one period, Apparently thr explanation 
h not hr to seek, because the newly upraUrd Sierra Nevada must have 
iimli-rgtine vigorous erosion with rapid accumulation of materials in The 
marine waters which then occupied the sites of the present Great Volley 
and Coast Range of California. An unconformity, indicating consid¬ 
erable uplift and defnmaatioft, usually separates thr Lower and Upper 
CtotseniiEH in California* 

In Rntish Columbia and Alaska t hr pretence of marine strati proven 
thr existence nf sea water over the areas mdicutrd on thr .ircompajiyin^ 
maps, though the coal beds show that gmn swamps or lagoons must 
have existed Locally. 

Chit **f tkr Pr*iod m tht ff 'rtt I Hct l\ Atountiiiu Revolution}* 
The dose of the Crtljracm* period, nr. wtui i* thr same thing, ihr dme 
nf the Mesozoic era, was marker) by one oi the moat profound and 
widespread physical disturbances in the history of North America since 
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pre-Cambrian time* Over the Rik:L y Mountain deitthi there had been 
miff or 1^ dep -iitbri of sediments (both mnriiir tnd continental] due- 
ing Pnrpt CTOttftC. Paleozoic, and Mesozoic times, Toward ihi cl nr «f 
the Cretaceous, there was \ igotou* deformation, mdiidiri^ hot3 1 folding 
at id dislocations of the strata, not only throughout rile Rocky Moun¬ 
tain district in North America from the Arctic Ocean m Central 
America, but also even aldftg the line of the Yndr* Xlutjitfuuis to Cape 
Horn— altogether more than oue-fourth of the way around the earth. 
This great eni*tal disturbance has been called the “Rocky Mountain 
Revolution*” 

The portion of the Rocky Mono rains situated m the northern: United 
Suites and southern Canada suffered the severest deformation* where 



fin. ^nurture s ccil-tuit Iis rhr RiaLv McmritJkint oi KH£iJtvrHicTR Montiim 

ibowing highly id hied Cmanoti* and older ox La. Aftrr The development 
H ihr iwo fTFcrturiied fold*, ihe met* broke aliinu ih* fault* ami ihr fujs* 
m thi riglii wii Ehr>ved partly Over upon the tnasf tin the left (After 
U. S% Gm logical Survey*} 

strata sojtw lo 75,000 fret thick were folded onj faulted into a moun¬ 
tain nn^r probably iv* Ic*.- than J '.^■ i feet high, Referring in this 
region Sfhucheft that "thru hail [nwti no anagrn> fmm early IW 
tevwqjc time until the dose nf rhr Cretaceous. During this vast time 
there was laid down in this area about £0,000 f«t of Mesozoic strata 
resting upon 16,000 feet 01 Paleozoic formations, and these sn turn Itc 
Mlniwf) conformably upon about Jiuvm feet of but little nurtanjor- 
phered Piotem/mc rocks, h b the hmjtc*t acecstibir geological section 
known anywhere: and attest* In the striking fact that ihe earth's crust 
may subside ai least 14 mites before it becomes folded info mountains. 11 

The Rocky Minima in eirogcny tagan well before the dose of the 
Cretaceous, and it continued with more or less intensity into the Early 
Tertiary, but it reached a general climax at the cltrtc of the Crciazeous. 
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Install of folds, or following the folding. great thrust filths weir 
nften developed. A fine example ^ in Glacier Natirm.il Park where 
Prolcrmmic rocks weir pushed at least in dr miles over Cmfl,ccoii& 
nw ks on the so-called Lewis thrust fault 0 ’ig + 399 )* The pile of gtnrk 
folded ProreroMic rocks (largely strataJ involved in the great over- 
thrust block. covers many hundred of square miles, an d reaches j 
thickness of fully two miles. Because nf frictional dntg of the over- 
r id rut; block the underlying weak CrtlaCniu* strata were usually much 
Folded. Much of tht movement alarig rhis profound fault probably 
cunlinurd into the Earh Tertiary. 

Another important physical disturbance accompanying the Rocky 
Mountain Kcidutmn was consiJer:iMc igneous activity—both pluEonii 
ami volcanic—-which continued into the early part of die Tertiary. 



F'k:. 199. Diagrammatic structure section shutting bow tfie crear body of Pnv 
Crruxoic Virata hn* bttn thTD^t^sqltnl fmm the b>r tmilr* over open 

Lair Mnurajf Meat* in Gtairier National Park, Montana Tlir Mn^oic 
bed* **vt* folded by action (if the over-riding Muds Length of flection, 
about 25 milo* Vertical >c*le k much rugger seed. 

The original Rocky M mm tains were greatly subdued by erosion by 
Middle Cenuvoic time, and their existing altitude :md main relief fea¬ 
tures are results of sn II later movements and erosion. 

Cfore &/ thi Ftrtori in thr Edit* The w hole eastern highland region 
excluding from central AJ.ih.Tm u 1I1 rough rlie Appalachian-Piedmont 
district. New York, he id New E11 gland to the Gull of St. Lawrence was 
subjected to erosion during tno^t of the MesoKfiic erui By Lite Creta¬ 
ceous time it was worn down to a condition varying from early old age 
to A peneplain* The mnsi perfect pen ep I an at ion was m the northern 
Appalachians as T for example* l min southern New York thro ugh Penn¬ 
sylvania and the Virginias, Farther northward, however, over stnrth- 
eastern New York and nimbwesrern New Engird, and alsu larihcr 
southward, as in western North Carolina, large ntn^ci ui rc^stuni im k* 
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stood nut more 1 or less priitmnmtlj above the general level of fhr obl¬ 
ige surface* 

According to D, W. Johnson* the aid age (pmrphiin) surface was 
developed by the da®e at Early Crmtcrous lime sifter which a mnutlc 
of sediments wa* laid down over much of tile thr> roughly pruc planed 
[xictEii-ir (Fall Zone peneplain) in a Late Cretaceous se* winch over- 
Kprcsni the regimu 

The Cntaceotii period was cltrttd m tustrm North America bj j 
disturbance which product an upwirp of rhe ^ :isr old apr . pem.pl a hi I 
surface {possibly in part veneered with Laic Cretaceous deposits ) with 
Tnaxomon uplift ol many hundreds of fccr. Thia upward movement 
ivfc unaocoiupanied by rnd fculdmg ut die strata., the effect having been 
to produce a brojuL irregu Is shaped, dungate dome the main asii of 
which followed the general trend of the Appalachian* and thence 
through iionheHurrm New York and nnrthwcsfrrti New England. The 
upward movement was* however, accompanied by the rerrear of the sea 
from fhr Coastal I Main area (anti also from much ol the Appalachian 
area according to Johnson!- This ts proved by ihr widespread uncem- 
fortuity there between the Cretaceous and the Early Tertian' strata. 

Another important effect of thr gnieral uplift was a renewal «f 
erosion by streamy many courses of which followed down the slopes 
of the great upwarp. 

Cretaceous Climate. The tcmpetttttre ol North America in Early 
CretaceOiN time was generally somewhat bdow normal, probably became 
the cqntitmir stood higher than usual, particularly in the wc*i where 
high, wide moon tiling formed ,ir the tune ot the Sierra Nevada Einoltt- 
firm. were r=nll in their prime, Similar lower rempeniTurv> wore preva¬ 
lent in mam other prim or rhe world an shown by rile distribution or 
phiutB and animal frails, i j lacier* existed in eastern Australia. 

A# would be expected, because of die unusually extend Vi- epemc 
seas, the vlimair of Late Cietacross rime Swns to have been gener¬ 
ally mi hi, with *mne dbtinetton of climatic Scones, The fossil evidence 
ic.g. Late Cretaceous plants rn Greenland) ittdifairs mildness o i dinmte 
even within die Arcrit' circle. 

The genera] temperature again dropped at the close of the Crera* 
cron* because of the grt-at mountains farmed at ilir time ol the Rocky 
lI J ounta in Rev olu tin 1 1, 
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Thu ['[typical mevolun'o^h which closed the Paleozoic era was ae- 
etjmpa fried h\ rme of the nv«t profound th range? in organisms in thr 
Wtb T * history, am! hence we may expect rhe life of the Hcsojwlc to 
have been very notably different from that of preceding time, Some 
nf animals and vat ion* npr- p| n m-v ,nmimn-d fmm thr ktc 
Paleozoic* hut the general aspm or Mcsoanc life was distinctly more 

modern than eliat of the Palnwdc, 

Plaict? 

Seedless Plants, TkothpAxt** were well represented during Mc*o- 
z^rc rime, the lime-secreting scan ted * being apedjiHv common, 

Fiifcaift (frrnt ) continued to be important. 

JrfhropkyUs {' h&rittml rtnht* 4 ) were cnninmu and varied. Except 
for thrir greater size ilirv were much like existing inrmaL 

Lfpidoflhytrt {"rluh fncttts" i were greatly reduced even m Early 
Alrfeozinic time. The few lingering fifilifrrmrtf disappeared with the 
1 riassic, md the once important frpid&drudfoaj were reduced tv> a \ try 
Subordinate pttsrriois much 3iLe iff today. 

Gy mn os perms. I hew 4rrd-bearing, nMi-fimvt?ttri£ plants dominated 
rhu [dam ^ m 1<| of the A J esa/oh m until Late Cretaceous tiine just a* 
the higher seedless plants dominated the Middle and Late Paleozoic 
plants 1 he imponaiiE and tardnrtn brciuic extinct in 

the Triassic* 

Ginttiw \' r mtwlf?ikni* ftnf" i, including vjirinu* specif*, wax com- 
mon and widespread. One species of thr ginkgo ha* survived to the 

Prnicm iby, AimJfig living Trees, it i? probably the world's most auctcru 
The gintgu evolved from cord ai res or a cicely rdated form 
in La Err Paleozoic lime* 

G yttids and icwi/rri, which mode their advent in the Permian, were 
the must commo n of the huger plants during Mesozoic time, 
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Fm. ICO. Jumwir cyttd lr9V«, lAllrr Ward. r. S. Ortlegiriil Survey. M«w 

graph 4*. 1 

a urniufafui prearrv.ition of detailed structures nf thr plants. Cycsih 
prrsv tu l>c -it* tn to feet high and several feet in diameter. From the 
standpoint nf evolution, if is important to note that much evident* leads 
tri the conclusion that tins earlier Mesosoic cyesds were the progenitors 
of the hijthwt of all classes of plants—tile angina] >cri ns. The conifers, 
lit marked contrast to this history. Have nut Riven riM- to any higher 
group of p|nuts. 


The Cjtodi were palm like tu appearance, bur they were lower order 
iorms than the palms anil distantly trickled to them, I hr short, stout 
trunks nf the cy carls were (and are) crowned with clusters ot long, 
pultttlike fronds (Fiji. They attained their /eniih of develpp- 

ment in the Jurassic, and their modified descendant’; *iill csiikt In I'af® 
ot tin: world. Some of the fossil cycads found in Mesozoic strata show 
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The vfrniffrt* inducing pinr*, &ccji#iia$ and many <srht?r types nt 
evergreen tree*, gradually became nwtr varied, and more and more 
modern in inspect during Mesozoic tame Stgooin j, rep reamed by rhr 
pn^nirnSay ^Redwoods'* nnd "Big trees'* of California began in Late 
Jurassic time, and they were vjiietl and widespread in thr Cretaosju^ 
In vurtmi* regions such as North Carolina, Virginia, anil Arittomu 
trunks of fossil conifers leach diameter nf h to H feet and lengths of 
to 150 fert. Thr remarkably preserved petrified m.Ts, to n ltd in 
such abundance an<l beauty nr color in the Triassk strata of the Petrified 
Forest of Arizona, represent nuiith conifers vvliinh grew to heights of 
fully 150 feet. 

Augiospenus. Typical aH#insfrrrm arc nut definitely known tn have 
rsistfed before the Cretaceou*. birt there can hr no possible doubt about 
their presence in Early Cretaceous time. By iht dose or the period 
the angio*perms had developed so phensnuenalli a* to attain a position 
cifiuptetruacy among plants—a position which they liavi held ever sincr- 
TSie comparatively sudden jppea ranee anil remarkable drvdnpnirrir of 
rhe nngiospertra "w;ss nnr or the ros*t imj'ortunt and far-reaching bidu- 
gk events rhe world has known. . , . So far as- \vr know, this flora 
appears to have hail itscrkm in eastern or northeastern North America, 
in the Paiapscu division or the Potomac serifr-- Although the greai ran 
jority of die plant* found in ^n iation ici rhr-e beds, both as regards 
n|>rdr* ami individuals, still beltmged to lower Mesozoic type*, t-urli a* 
ferns, rjrads, and conifers, wr rind ancient if not really ancestral augto- 
sperms. . . . Xo sooner were rhev f angiosperms i* fairly introduced than 
ihev multiplied with astonishing rapid!tv and in the * „ * [Middle Cre¬ 
taceous'] thcK hud become dominant, ihe ferns sjid eveads having mosrlv 
disappeared and the eonrfrrs having takrjs .1 subordinate position 1 ' 
( Knmvltori K No present-day specie* existed* hut, among the more mod¬ 
em genera were oaks, elms magnolias, maples, figs. laurels, palms, 
grasses, ere. 

I S'VESLTEu KATE A \ l^l AL& 

Among the titvv single-celled animal* i frufWilms) * Che fbrammiiVrs 
were exceedingly profuse during parts of Crtraceoufi time in clear sea 
Alters which extrndri] over the Gulf Coital Plain urea uf the United 
State*. THiufhrm 1 .11 gland h much of France anil other irefti, i Fig. Jfii . y 
Their shells helped to build up formations or chalk hundreds 01 feet 
thick and many miles ill extent. 
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Sfwngrt were very abundant md ch verified- They are of ten brciu- 
tT e 111 E> prrserved, even Ed live miiuiTeat details. 

The nKhifm types of (G/tf/r, with ms (if eight ftsrtttHinii begin* vtry 
kre hi the Paletraoit* anil they were abundant ami diversified through¬ 
out the Me^nk. Like present-day corals they wm tiny individual*, 
secreting carbonate ci lime From sea wafer. and they nearly all Er*w 
in profusely branching colonies. 'Hie characteristic PalcoKOte coral* 
i with four partition*) became extinct in early Mesozoic time* 



Fir. you Cmic^u« fOEdmiirfferiL greatly enlarged' (After Calvin, froiE Lc 
Corned h, G*dn® pertdt»)non nl l> + Appletnn md pttnfrany.) 


Ei hitttidrrriit undprwenr m really profound rvnliirimiary change dur¬ 
ing the Meso/oic, All important subdivision! were well represented. 
The stalked forms {“stone lilirL ) font on a more modem aspect, and 
they were especially profuse and diversified during Jurassic rime when 
tingle Individuals arc known to have TiluJ more than fo&OOG segments 
made of car bonne ot Lime. The ‘“sea-urchin^" i^rcady increased in 
mmbers, variety of tunriq and often in size, during the M«gft»ic eta, 
and they were already di-UuirtU modernized. 

Bmckhpvdr t which w^rr so very abundant and diversified during 
Paleozoic time, greatly diminishci! during Mesospoic time until they 
occupied i very subordinate position in the animal world. Most ui them 
hud curved hinges. 

Among the mfi/Zunb, both the peheypod* and the gastropods in¬ 
creased in ahnmknrr ami variety of fotras, and became mure modem 
in fippearaiKT, during the- Mrswwk, The oyster tribe and other closely 
related forms were prominent* 

Oi Tim bered trphat&pQdj were very numerous anil diversified during 
Mesozoic time, XIlc common and important straight'shelled Paleozoic 
forms with simple partition* became extinct early In the 1Jcsomoic, but 
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stmple-pnrtitiormJ coiled fanm remained common. An important evwk- 
tiuiKirv feature was tin* development ot great rDmplfjrfty uf shell struC’ 
tLire during the Misuari; era (Fig. JOi), In nutny r«r rhe coiled form-. 
the rnmpartmeiit parfirians became *0 highly complicated bs tit he tjuhe 
CM 111 pro nil! e tn the mlurn til human slctrl! plntrs (Fig, inj>- Several 
dumviind spri ie* r>l -nch Fnirra* known rrww/^ffiiex, arc known from 
the Uter Mrgoftoic strata which, in same localities. are [iternlls tilled 
u iih their foii.it remains. Nut fiutv were the) thr most complex cluro- 



Fts* 30 a- A Trta?iir *:era- 
uic, Cerulitri frfljct&ai K 
ttiih part > l il re- 

leui'rd tn luEurc 

souttiLfr, (Afcrr ] H. 

SnufJi, ilsv;HtU RHHjffiTtl 
hy ucfeltl uaciotl of ait- 
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F 10 - 101 . A Cmsgemi anuruinite with patf 
or rniler ■khell reiqovrd to the com- 

plitjird 4lit u tp ur partition arrurtwre. L*i' 
amrirr of »pcctmi!rt r atom tg indhri. 
1 After Amkrn’j'ii mail ffmma. J 


herd eephalprpods oi tI! rime, hut a1*n KMne nf them were of gre>tt size, 
Sadie at the coils were several fart in diameter and would hare been 
30 or 40 feet lonj; il str&igh trued out. 

During the Cretaceous many of the ammonites showed a remarkable 
tendency to a^irnir *rnmge sorm*. Souse developed uncoUed ahrll*; 
other? spiral shapes; while ,Ttll flier* weir curved or actual I > straight. 
Thus, externally at least, ihent was .1 reversion m the carl> Palmzoie 
forms, but in all rases ihrv retained their complicated suture or partition 
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structure. grange form haw been likened bj A&asiix to dcath- 

cuei tuitions of the AiTinxmite family: and Mich they trail) verm to be, 
Fiom the point of viciv of evolution* u ri natural to suppose thut, under 
the gradually changing conditions which evidently prevailed in Creta¬ 
ceous turner this vigciraii* Meswoic type would be compelled to assume 
a great variety of forma, in thr vain attempt to adapt iu*lf to the new 
environment, and thut to escape its inevitable destiny. The curve of its 
rise* culmination* and decline reached its hijduMt point just before it wa* 
destroyed. The wave of its evolution crested ami broke into strange 
forms at the moment GT its d rise! u linn'' [Lc Conte), 
Very few ii any ammonites crossed the line into the 
earl> Crfiostni«% ind sudl an abrupt icrmimckn of 
50 Abundant and dsvrtrijwd a group of miinuiL lias 
rarely been equaled in the history of the animal 
kingdom. 

Ct flhntApmt* ufldrrwent another iiiremtmg evo- 
lunonary change during the Mesnaiic era with thr 
intj-nd union ami extensive development of the 
highest known r y\m represented by the squid* or 
“oitthfi&W nt thr present day* The Mesozoic 
forms, called heUmnurr, had slender internal *MK 
but no churnbered or external shells* Some of the 
Jurassic foniis were two feet long \ Fig. 30+K 

The tirihrrtpuJi untienvniE important changes 
in Mr-rtKasofe time. Amuhtt the vwibi^'nu^. tIic ?v- 
markable tiilnburs and euryp tends of ihr Fnlen/tiic 
no longer existed, and in their place more highly ur- 
gaukrd and more modem forms, such as Jdtetcrs 
and crabs. beeatnc common* Great Advances were 
made among the insect*. During the Triaasic the 
fir-t beetle appeared, mA these were distinctly 
higher order inwxis than any in the Paleozoic. I hiring the Jurassic hurt- 
dteds at species of insects nrc known m have existed. Simple font® were 
represented by beetles, while Hies and still higher injects such as bres P 
moths. aiitii and butterflies made their first appe-mouc lu Use Jurassic. 
\u vidi pm found evolutionary chaiipi has occurred among tht! injects 
since thmc day*. Thr insect lifr nf the world tVa* H rliereftvft, remirk- 
ably modern in aspect rims far back in geolugicat rime. 
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Yektebrate Animai-S 

Fishes. A very important advame took place among the fish« with 
the iotroducticul of the true bony fishes, known as felt ns tt, during 
Jurassic rime. These comprise the most highly organized oi all fislto, 
including auch modern types ;w salmon, cod. and herring. They grad¬ 
ually evolved iiom the ganoids which letter continued to be the pre¬ 
dominant ltshr> until CrotBceou* rime. Since that time the gadoids have 
Handled almost to extinction, while the telrortia have became weed- 
iugly profuse ami diversified. The Jurassic tdeoita were simple forms., 
not numerous, and frequently no the border between true ganoids and 
imr tch-ustt- Cretaceous sharks, which iverir common and often large* 
have Jeft in almost ineredihie number of Umtl teeth. 

Amphibians. Though ^pniewhlt ilimhmhed a= compared with the 
later Paim/oic. Triadic unphihiima. were mimemiL* ami often tv nable 
for their great size. In general they were much like the late Pak-vzoic 
forms. Mns/<id*muHtftit attained a length of 15 or 20 feet and had a 
skull 4 feet long. Hie Lower Triasstc of Germany is particularly rich 
in heir fossil amphibians. Bv the dose oi the Triassie die ampinhimis 
had declined remarkably, so that among the land vertebrate^ of which 
they were the ancestors, they never again assumed a portion oi imiHir- 
tunce. Comparatively few. relative!) small forms, such a? frogs, mads, 
ami salamanders, represent this once great dara oi animals at the present 
time. 

Reptiles- The Mcso/uic era has been called the “Age uf Rep¬ 
tiles." sinrr ihnse animals were m once the most dwractcrLtie and i*Jvv- 
crful creatures ot the time. So far as known h the Hirst true reptiles ap¬ 
peared in the Permum During the Mesozoic they rose to great promi¬ 
nence. both in number of individuals and diversity and size ol forms 1 
readied rJieir rulmirnitimi in rhe midst of the era; and declined m -i most 
remarkable m miner toward the dose of the era. During the Mcsoeoic 
the reptiles nited all fields—sea. land, kind air, 

"The advance from rhe amphibian to the reptile teas a long forward 
step in the evolution of the vertebrates* Yet in Advancing from The 
amphibian to the reptile ihe evolution oi the vertebrate was lar from 
finished. The odd-blondeiL clumsy ami jluggisfi, sTtmlLbrsiined and 
unintelligent reptile is as far inferior to the highest mammal*, whose day 
was still to conic, it i-i superior to the amphibian and the fish" *. W. It, 
Norton)* 
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The following grouping of tht: more cb^racfrrfetic^ extinct Ataractic 
reptiles is not meant to be an exict scientific deification, bur ndfrer it 
h st simple arrjuigr merit tar convenience ul drim-niary discitttiorc* 

EwiioMUri' There ate many brown tyjic* of these swiiummg tep- 



Jf'ir_ jgy. A frmirtaJity prrwrvfd iktltiim t«s 4 Jutfv^k iclsih™a«HV It 

mhh pail? td h'i ci-al >kptciu]it cj f laMHif n 1 oung- !r 1 1 n^ut iz l«i lonj^. 
^C!aultt>j of ihf? Amrricii.il St ii^utn nlf Naiurtl 

riic-n, huf only & few uf the riK^t typical ami djardetenstir form* are 
chosen for description. 

The iVAi'Aj-ojfOffi wrrr feMifcr forms which ranged in length up to 
25 or 30 leer (big- 305)* They had stout bodies, very slum necks, ami 



Fkl 30k A mtmd ph^Ic-stur, Fbmjaijmf dff/rrAfldrp-jjj, «f the cfialbnaur 
divi>|on of Mwwoic rrpiitei. Mjtxbmim IrhKth 411 to so fcet+ (From 
Le foutrV ‘Wiit^ey. 1 ’ tfi«rlr*y of D. Appleton and Company J 

very large heads, The hrad f Mtrwiu 3 *s 4 |o 5 fret long, Ftad an don- 
gated snout in which as many as 2in- large sharp teeth were m in 
grooves (not eh socket*). Enormous eyes, suinenines oi J rr a loot in 
diameter, were protected bv bony plates. A powerful tail with two 
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Inhrr. vertically had rh*r vertebral column mending through the lower 
lobe, Tnr lour limb? were perfectly converted irttn swimming paddles, 
thus strongly suggesting that these a& well els other enulmaurs, represent 
former land reptiles which adapted themselves to a water emviiwiment 
much like certain mnmmah of today, inch m whale* and dojphmic lch- 
rhvraaur* ranged through the whole Mrso/nic, 

Flrsiotfiart Wert lesv powerful forms than ich thy Gesture* thou git they 
were usually longer* some having attained a muxs mi? m Eength o f 40 10 
50 ieet [ Fas- 306), A stout hotly, long, slender neck* small head, short 



£V., ? c >7. A mri^Einr. Tyfa mu rut Jy*prfor f n: rHr tnnlriTOLUr diviaian rf Mr^i- 
reptile*. Mnsimirm It iitfth abuul 75 i?v I K. -l-itjjihm l*> C, R Kru**ht 

undf r the direction yf 11, F, OnburfL, ^ Cou rti» of ike Amcrfcii] MitKitm 
nr Namral History, from SrctftV lp Gt*dr>^, b> ptrmisHon of the Mar- 
mllbn Company.) 

tail, and tour powerful paddles were characteristic features. Sharp 
teeth were set m sockets 1 not grooves) in the jaw, Plesiosauri ranged 
through flic whole Mrsozujt- 

Mturnttuft were actual sra-scrp«it> or carnivorous marine repriles 
which often readied a length uf from 4.' to 7^ leet \ l , 'ig_ 307), Though 
now wholly extinct, they were dosels related to $ nates nod hoards in 
structure. The four limbe were eom^rtrd into short, atom, swimming 
Piid'itis. and their jaws were set with sharp tretiu -Ylosasaure existed 
during the latter portion only of the Mesozoic. 
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Dlnoitiuri' These walking reptiles comprised great va fiery of 
farm*, as regards both shapr and size, Only five of the more eommort 
and characteristic type* have beet? selected hr description. Like most 
other reptiles, the dinosaurs laid eggs, fossilised fpei'imfins of w (licit have 
been found. 

The jQtfr?jfntds were the largest uf jLI Mesozoic reptiles, and in fact 
they included the largest itnlmaL which ever trod the earth. Well ■pre¬ 
served spcdirirm are known tfhmr lengths are from VS fcjH fo ft + j,m * 
recently one has txert difiCovercd in L’tah which it is thought will, when 



Fhl ufl. Tlir Isug^t rtf all krujivn dtno*auiv 3 tnuropod, A 

mimutcrt *4«ltmi in thr 1 arm-giB of Pirr-hiMph imncora i; feet 

U>\\[Zr by C- R, Kn.suM uiiJci tht tliiwiinLi «f (I, F d Osborn 

(CuuKfiV nt thr Ain r riel Ei Muttum of NAlural Hitfnry,) 

mourned. show a length of over iru fret. It hai been estimated that 
one of these force brutes must have weighed about 40 tons. Note the 
extremdy long neck and tail, very small head, and strong bones of ihc 
four great leg?:. Thigh bones 7 feet long ate known. They were five- 
feed and plantigrade* and doubtless walked with body well above ground 
(Fig. 308). All were plant-rutm ami provided with grinding teeth- 
Saornfwb ranged thnnigh all the Mesozoic except the Tririssic. 

The ft+gosaurs are so named because or the double fmv of great 
buny plates on rhe back of each of these must remarkable brutes ( Fig. 
309) which attained a maximum length ol 30 to 40 lect, The long. 
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powerful tail hinl several pairs of long spines toward the aid instead of 
plates. All were plattt^afrn* Tin- hriiiri-v uf dll dirHHumr* were almost 
incredibly small* even ns compared with modern reptiles. and ilm was 
notably true of sicgnsqun* Stegosaurs existed through all of the Mon- 
Epic except the Triu&fti 

JVtVf^rifojpif was another s trailer'looking ereatwe* so named because 
of its three horns—two of £reai d/e just Nek of the eye* and a smalh-r 
one on the ( see Figp ju>). The mormon* Ihmemuf skull had a 
sharp beak ui front, The skull extended backward into an immense 



ft*!* *>09. A !t|pj|£wilfi an aimaml dJuosnur, Maximum Lojdb 30 t* 4^ feel. 
ffofojriJ hy t". 8 Knight* (Hi prrnrivHuri of V- A. l.wn tinii Doubtcdijv. 
P&ge and Company, 4ivf wuriH> oi lietsi > litAt and Cumpanwi 


finod or cape] ike structure. According to Marsh they (rracrratnps) 
tiad the largest heads and smdlenf brains of the reptiles, and hence 
they must hare been exceedingh stupid* Skulls 6 or 8 leet long have 
liven found* The four Ir^v and the tail were massive am! powerful- 
This crcamrc attained a length ui fully fcti. and it had a hulk about 
twice thru of an rlrphiint* It was a plant-eater anti probably not ^ 
leroriou* as it looked. Good specimens have been found in the western 
interior of the United States. Triccratops existed only during the Cre¬ 
taceous period* 
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Therofr&dt went camivnfOus dinosaurs,. as proved by rht-vr nuinrrnis* 
sharp teeth set In ttsmpar timely Wgc heads lire Fig, |li). Tbev 
were bipedal. that h the* walked on tvvu Je^. the Irrj.cj.it limbs having 
bmi vm until 1 inirl used ojih for griping. The ton were aroiwl with 
sharp daws, Theropods varied ill length fmm 4 m over 4« feet, -md 
though much smaller rhsn many other dinotiftBrs, they wrrr pmhnhly 
thr most ferocious of at I and more (him hkch preyed upon the nnirh 
larger plant-eaters A amounted skeleton of one oJ thete frtaturw k called 
Tyrannosaurus, in the American Museum ui Natural History is +7 



Fhj, 31&. A trir^ratsi^. Trifrrahtfit frwtut, t \f (fit dintnaur ifirfchiq pf Me*, 
jdc irylJItn. Maximum Icniflb 2if f«!i. 1 Skeleton s^s-Eui l-iI by Marsh.) 

feet long. ft represents (lie greatest known flcsh-enting land animal 
of all time. The tfieropods lived through the whole Mesfratik, 

Orniihnp*r*h wetc in gruci ul apprarancr much l ike the thcropmk, 
taut they were cm a i lib pUtit-mnrr--. diown h} the tonrh muvuirc. 
They were bipedal, the hind limbs having mil) three limctinnal mes, 
giving a sorr oi birdlike track. The larger or these creahires measured 
j led in Icnj^fb. arid when walking they must have stuml 15 at 20 
leer high, Oriiithupucta ranged throngli all the Mesozoic except the 
Triasde. 

Ffrrotattn* These were actual "Hying-dragoTis" fn Mesozoic time. 
They varied greatly in size from abouf that oi a sparrow to others with 
a spread of wing ot 25 tret, w hich ts about twice that of any modern 
bird. Sal only did they include the larg^t crcatuns which iwrr flew 
hut, on account of fhrii hulluw bones, their skeletons were wonderfullv 
light. One finger wi each front limb was enonnomh lengthened m 
support thf flying membrane. as shown in Fig. ji j. The other fingers 
were armed with sharp claws. 

The earlier Mesowsic forms were supplied with sharp teeth, while 
the Cretaceous forms were mostly toothless. 
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Fjc, in A ^Tffi nf touEjiiint*, over 4 im long. trfi by * gfrai tm? a™ legged 
■ tint - i 1 l t f y|i|k 4 ifxlilc cif n ini Found itt mal-lvrarmB CtrtiL'ttitu at rsia 
jt S i a tuliird vJlliFf Utah. 1. After C N r . Skrcrftt.) 


FwJ. JII* SUIftOR of 3 ETtat t^vy-ti’g^d tbttopod ttitiOMUE iTyrnnwsaiirtij} 
frniTi thr Clriarc<iN» stfpla ■if Mnnfrarin l> raTTH-*auni». nturly 50 htttfc 
fh* grrfltrM Ettmivurmu land admtl of til Lnowu lEmt. (CiiLirlfij of 
ihr Attic 1 it ati Miwutii of Natural Hiuory. ; 


. J3\ 
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Mniirrn Rr/trf$.-fMtivrt. Though ovrnvlidlimj by the repTilr* 
above described and of Irss peculiar imeresr because they represent 



hr., p; r Skelt^T) ef a CrrtRC«UM* pten^nur Imuwn ,i> Ptf^ftaJaiL Tht* &rrjLi 

ffyinR *tpfilc F mib g w iag-ilM nut ei! Hearty 3^ Irci, w.j* ihr brjttr-j fcf :dl 
Lxiiiwii riving rrenlurt*. rbr ifnprmbm «-i she tmbtarr^iit vrir^ 

i t’‘mirif-% of i he American: Miiheum of Xjiurdl Idl ihim r> . ■ 


group*-rill living, terrain other Me&o/.ruc reptiles deserve brier nwritiun- 
Tanks date back ar least ro the Middle Triasstc, and even those 



Fig, 514, RcnsuMiiifcSj of \ihz tarlltfi ln<nvn bird idrrhrbftftyi ^tiifrurm) from 
ibr JunuMc. tfAficr E- W, Hurry, from hi* textbook of H Pakonrub£> ') 


very' early farm* dearly showed the familiar structure which easily 
separate them from other rtpTilrs. 























vertebrate: animals 


+ 2 ! 


Lizmtft arc known even from tine Triassk, and, though rhet ranged 
through the Mesozoic. the) wot always imaJl and comparatively rare, 

CrutHfitin made thru Hr? appearance in ilu- jurnvsk. and mmr were 
marine kartias. In appearance they resembled the modern gavEal of 
Indio* particularly as regards the Jong. slender snout. Crocodiles were 
numerous from the Jurassic t» the end of the Mesozoic, 

art not known to have appeared f eEI late in the Cretaceous, 
and rlu:.Kf early form* were small and comparatively rare. 

Birds. Thw constitute next to the highest class of all vertebrate 
animals* They rmd the still 
higher mammals are the only 
warm-blooded creatures. A very 
important feature, frons the stand¬ 
point of evolution, wav the Intro¬ 
duction of The feathered OTnturo 
during the Jurassic period, Thu 
oldest known bird (Fig. 314) had 
Glitt&m diituu.it reptilian charac¬ 
teristics which make it practically 
certain that k was evolved from 
certain types of two-legged Meso¬ 
zoic reptiles* and nor as might hr 
presumed, from the fly mg rep¬ 
tiles. Two specimefis of the 
primitive Jiire-^tc bird are *0 re¬ 
markably tc^Elizuil (liar prxtf- 
trailv thr complete skeleton* and 
nearly perfect impression* of the 
feathers have been preserved in 
the rock. The creature luul T to 

addition to it* true hied feature^ of feathen, fuel, brain, he^k. and 
Jimb bone*, tepfife features of hmg vertebra ted rail, teeth set in 
^ucker&, and tong tlaws- on the wing*. The creature was 3 bow i t the 
size of a trow. 

Notable cvolutknarv progress was made amt mg the buds during 
Cretaceous iijm\ The} were distinctly more Advanced and modern hi 
appearance ihnn were tfiose uf the Jmnssir 1 Fig- it 5)* Thu> the long 
vertcbratcd rail of the e-i flier f&m had become greatly ghnrtcnedi but 
they still retained jus important primitive characteristic, namely„ the pos- 
sesston of teeth. They' had much smaller brain cavities than modern 



Far-, j 1 g. A Cfetaeruia toothed bird, 

/rA-fAyprflii titter, Height. about £ 
intbv 1 Alter M»nh.) 
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bif.li, and many of tli?m ivrrr powerful fliers. Somr grew ta be five or 
fix t«t long 

Mammals. A very important event in the history of animal life 
was the first appearanee ot nmmmaii in the Early MntwsuiC- .Mammolt 
comprise the fiighcit class «f all animats. Thev ate charactwiared by 
siitkiio^ their young xuid 1 laving hair on their bodies, boi cnnvrititncc 
of discussion we '.hall consider them in three cateBorie* as follows: ( i) 
rattnntrrmrt or egg-laying forms, such as the modern spiny ant-eater: 
U) marsupial* { e H g. opowum and kangaroo I nr thtw giving birth to 
impprfeed) formed young which an,' corned ini snqnr rimi- in :i funich 
(mMfSUpiuni) by the mother; and (l) ptortnififc U h ,g> dog, horse. ansi 
man) nr flfitft giving birth to writdonned young which. In a pre-natal 
condition, arc atrlchti! tn the mother hv the ptacentuttu 

MancJtmnei made thdr fir>t appear axier in (he Trnwic; man-Mpials 
in the Jiirnssir; and primitive, Inw-nfder phu-vriUil-. n flic I—ite ^ win- 
emus, 

TTiiotighoiit the Mesozoic era the mammals occupied a very subor¬ 
dinate position among animals. Thrv seem tu have been almost com¬ 
pletely overshadowed hy the hnnl» of reptiles;. 

Mammal?, likr the bird*, evolved from certain type* of repnlrs 
various transitional forms between reptiles am! mamintis bring known 
from the fossil record. 
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{sxcunmro the ice age) 


General Statement 


The Ceiio-zoic cn nm only i* the last one of ffcoJopc time, hut also 
it U thr shortest, with 311 estimated Juration of 3^ hi million year*. 
Dun tip ihstr short riii rfif relief features of the rarth have been revahi- 
tionixed ami brought to their prcscnf*day condition. It is doubtful if a 
single knd&cape feature of today w*f in existence as inch prior to else 
opening of the era. Thus the face ui North America lias been com- 
pkrely made Over in CenorOk rime. All mcnjntains, bilk, 1 alleys, ean- 
ynn>, pla Train, and (iUiih have assurml their prrsefiMlij si/es and 
shapes ; pH existing lakes., shureliiiea. and waterfall* have been formed; 
file modern dimitic Eones h*vr developed ; and plants and animals 1 par¬ 
ticularly mammals 1 have evolved to I heir modern condition. 

Follow eng are the subdivision* of the Ccnozok era mm commonly 
recognkeJ throughout the world* 


CESOZOIC 

ERA 


Quaternary' 
pc riot! 


i. Recrnf { ptat-Glnciil) ep*‘K:H 
t, PkbtOcene (Glacial; epoch 


Tertian 

period 


4- Pliocene epoch 
_T Miocene rpoch 
2. Oligpceju epoch 
\> Eocene epoch 
(Piileocene) 


Cexozoic Rocks 

Tertiary Tirana appear at tin surface in North America ovrr the 
Areas indicated on the Accompanying map i F'i^- >(6), The* inipor- 
iLmt region* arc the Atlantic md Gull Coastal Plains, flic West Indies, 
the Great Plains, anti thr great western (GmKIIcraji j region* The 
discontinuity of the large and small areas of the rwo coastal plains 15 
because of fhe fact that later (Quaternary) departs rest upon and earn 
Ccnl die Ternary strata in places. Tertiary -irarj cmutitulc a vast acta 
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of surface mcfc in the ( wear Plains of ihr United State* nrtil southern 
L.nwiii. tn rhe western interior the numerous Ji&'Finnected iiir;^ n'|p- 
fesent chiefly deposition in scpnnuc basins or remnants nf cm*inn ot oner 
larger areas. On the Pacific Coast Tertiary strata appear mostly a@ 
comparatively small, narrow belti- because only the eroded edge* 01 the 
usually upturned and folded rorLs ate i iaiblc in the iiujummns- Such 



Fin, yti. Map sliming the siiflaer dlsiritiottoii |ira> n i miirfi»p«i of Tertiary 
niraia in North rfniir)' vultaufc nuik* bh iv^rtilHr ihukvo Hitt 

Another iniiF \Ti& 333). 

strata **t in reality much more extensively drvdoped chan rite surface 
areas mm in indicate. 

There is no evidence that Tertiary strata ever were deposited nvef 
my other parts of the continent tliail those above mentioned. 

Quaternary fcrrfimem& in the form of surfur mil near-surface isnr- 
tikial j deposit^ showing little or no CQnsoluUimii, arr widely scattered 
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over the comment, The only marine CjiEtucmary beds occur near thr 
caju>ts w as on rise miter sides of die Atlantic and Gulf Coastal Plains, 
ami ikaa£ the Pacific BtiirgiEt uf the continent. Non-marine deposits 
sndi ^ glacial, it ream, lake, >tml urml-hlmi n nmenzh very ratitom. 

The Tmiary strata or the Atlantic Coastal Plain are mottfy un- 
cnnsnJidiieil formations of sands,, giavrls. clays, and mar!>* AliTrosf jI! 
oi fhefle formations are of insinne ongiu and they are usually vrr> fossdif- 
rjcnis, hi the Gulf Coastal Plain both marine and noiwnarim: deposits 



Ftc 317, Th- Ofetn River fi>rmrtTiHin of Frurene ag* a* near Orern River 

CiE>. Wyfwtfuns Tht mlldMldrd, Hfjri) boruomal iha!cp **rrt laiil down 
in a ill cal ffrth-waier lake, j Phc*Eo bj cmirtrty ot ifte Union Fm-'ini: 

RlltlWlr) 

occur, with the former predominant* Thr older tnmiatirifis have usually 
been hardened into suoikconQ, shales, :ind limestone^, with much tignirir 
coni in plasM*. while the middle and hirer Tertian strata an- uncnnsrili- 
tUtcd sands, days, atnl marls. Unconsolidated Quaternary debits, 
consisting: of Kith iiun-ttutfiivr sediment* mid murine terrace and beach 
materials, cniicral the CwmI Plain strata in niaru places, especially 
near the coast. Die Coastal Plain strata sir almost entirely free from 
folds atnf faults, but swivrr broad, very gentle warps do occur* The 
practically umxwtsoTidatrd Tertiary strata everywhere dip gently toward 





CEMOZOIC ROCKS AND HISTORY 







426 

the sea. Fnr this rc&ftm successively olJrr forma from ire encountered 
ui passing inland from thr coast (Frg, 325). 

Thr u'LStrrrj intwinr-Great Tobins region include* the Great Ffflicis 
(lying call of the Rocky Xlnuiitams), the Rocky MntintaErrs, thr Gdo- 
radii Plateau* the Basin and Rang? Province, nut ihr Cdumbin Platrau 
«str F t K Crtio^oic strata. all of continental origin, occur m small 
arid large areas in many places rfhruuglmiif this great region (Figs 
They comprise various kind? of iimttrrinls such as bite, river, aJIuvial- 
hm, and w ind-blown sediments. lieds of imperfect Ui^edric) coal .tfso 


Fie r jiS, Seh Toleanir niff mid ibaly nJincj^mtE mf Lair Tertian 

fnnyiiti Jinrih <4 Mojave, California. The diff. ahum iaa 
j> rrrliaf kaM y n. u,l |ifu r«> I In mi j>-iy .1+lu 


occur in Virions pi aces. Eocene lake betLs are very extensive, especially 
in Utah and Wyoming (Fig. \t?), Igneous rm-ki of Cenos-oic .ngt 
dsn of *fry great extent fliiil importance in thr western interior region 
1 1" !£■ J33)» M«*t fvteiutvr b> f.ir are the Tertiary volcanic rocks, 
hut small Hcxli« of inrrnsivr rocks such as barholiihs. laccoliths. and 
dikes dsn arc known. Some Quaternary volcanic rods occur here and 
there. 

Tlir structure of the Cniu/oif strata of the Great Plafiii is simple. 
Th«r i‘ sen little folding or faulting, amt the various formation* 
nearly everywhere show a gentle eastward dip. In the Rocky Moun- 
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tiiim tlit GfflOKlc racks, part hid.irti tk older formation*. 3iave often 
been disturbed by faulting ,icni Mime tilting, but in many are-is if ohm 
ritrnsivc) ihc> s»fall lie m their origina] horiiffontiil pass mute. Between 
the Rocky Mountains find the Sirrra-Caariide Mountain*, Cenugtfc 
rock*—both sedimentary and vulcanic—havr often been locally disturbed 
by some iuhlhig, aft in the Columbia Plateau: 01 by tilting; or often by 
faulting* aft in the Basin and Kiuj^c Province (Fig, 330)- 


Fjch an?. Pan i?f a synclinr theming earlier TVtiJsry marinf ftni-ir, Pfotru- 
□early Btntruppjiig ford* t^^urd the Juutt anil tight *ld« mi ihr lyucHm- are 
Upper Eeceot: the bniklTy (ivtmpping beds lighter rmlared i ncm aJwi? ntc 
OtlgmxiK; and it thr r.rp rheie ii acme Miixcnt- fan Emlgdfo Canyon, 
louih of Bakersfield, California- (Aiier Kh Andersen, l\ f t Gedugical Sur¬ 
vey, Bub +71+} 

Pacific Coast Tertiary marine strata, together with some bntddsh* 
fresh-water, and continental Jrposir?. :trr extensively developed west 
or the Sierra Nevada and Cascades, and alone the southern coast of 
AUaSu h They ace wonderfully developed in California, tspetiaJly (he 
Eoctfie ami: rile Miocene* 

The Pacific Coast Tertian strata are very largely sandstone* stwtrft, 
conglomerates* often with much dhtoiTUtceoifr shale. These are usually 
much folded and faulted, particularly in the Coast Range Mountains* 
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Miocene strum in California reach a thkknesf *r i t ><■* 1 t« ■* l r "t- 
ueeg formation alone bciEig jcxk> fm Thick writ uf liOa \ngrla. Some 
marine Quatcrrnrv sirata occur on the Pacific Coast, specially thou- 
or slit- Li>s AngclctrVeatuJTt region in southern California. Quaternary 
cunt form al deposit of stream* lake, and alluvial-fin origin arc more 
widespread fhan the marine deposits «n the Pacific Coast- I hw gt s n- 
craliy unconsolidated marends usually occupy vatky* between tlir 
mountains and ridgr*. as for example oil h grand scale in the Great 
V A Uty of Cdiiurnix Ctiwzuu: volcanic and dike rocks arc found in 



FiGl jiol hnrirnmal Sards* rtf n*fwnn tint, red tandironc tff Luce TrrrJarv 

Pdiftitfd Canyniif rau thj Mrec*, California. 


nif^T parts of thr Pari fie Coast* Probably every cpf*-h u'f rhr Crimson 1 
h represented by them. Particularly important ,ire the ktcuf Terns rv 
volcanic formations of the Cascade Mnuntnim nnd the northern Sierra 
Nevada Mountain?; western Washington and Oregon; and rlie Const 
Ran(te of California 

Maximum rhicknesse^ of the Tertiary system [rmt fododiit£ vol¬ 
canic rock*) are: Atlantic Ccftftfal Plain, ir*^ feet; Gulf Coastal Plain, 
$thm Pj v * > ■ fret i western htmnr-Great Phdrn, -*■> n« i".« ■ ■« Seer: 
and Pacific Coasts 20,000 to 4 CV 1 *' 1 frer. Volcanic rocks oi western 
North America arc oftfn thousand* of feet thick* 
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Cexozotc History 

C-enozoic During Paleozoic time epriric seas spread over. and 

ttbappe.sml f mm, tfstemive p&m ui Ni_ifth America munv rimes. Such 
m\> wrre far Im- airistiioii in t hr Mesentok era. the HtQ&t important 
h;n ; n;t been flic gmnt sea tr letch cut ihc continent in tvvu il) 



Fill.. JJ|. GfT^nliseJ pdlf^ujpplk map showing .and Lind rc I at Ecm# ;n 
Nurth Amrnt-J duriug Eocene rimr Whitt ar*av land; ruled arem, *e». 
Principul dqin (modified I :iturr It- 1Y111K C Stkucbtri, and F. 3 ulmnic 


Late Crtt&ocoui time. During the Tertiary period none of the still 
more restricted epriric sc^ ever cut across the continent or even nt- 
trmlrd very far iritd it. At a matter of heu ^ 'vairr spread over less 
nf tile coniidrill *Uiri'riK ihe Tertiary period than at the present time- 
'T he ;"M■(■'nmpnnvrng mnp* s-huw tile extent of the icd* during each j *f the 
four Tertiary epochs in North America, 
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Early in the Quaternary period, rhe marginal ^eas were nf very 
slight intent—much less even than in the ElEonne. During most nf the 
period, \t»rlh America scrim to have bml both broader and generally' 
higher, relative to «a level, limit it is today, with land rvreridint; out 
over the continent a I she If area*. The remarkable submarine cartjnns 
now occurring on both side* of the miimitiit were then quite likely 



Fia zz± Gttfwnlrated palcffgeogrnphir map showing «a and land relarioni in 
Nnrlli A&Ctica dui$u£ Otigwrftr lime. Wliilf land; ruled mr*A\ *c±- 

FHunlpai data imt* dififd) afm B. Willis* C Khudiofr. niiil FL Retd. 

art by rivers un the margins of the highci and more extensive continent. 
Ai the same tlmr die levd iH the sc.i no linnhr irrxnJ several hundred 
fttt lunrrr that* now because ^ much water f mm the H'M was trim*- 
Icrml U* the huh I* in the jumi of till 1 great see sheet which covered 
many nf square tnilt> of land- 

in Laic Qinuemary timcj ruissibl} bcamae of the great weight of 
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the ^lacirr** the continent became nnt.ibl', depressed. The continental- 
shell are;i., with their newly Cut canyons, became submerged, and sea 
water aLo spread over parts »t the continent much more extensively than 
at any other time during the Cmrrzoic era. Hudson Hay was thru 
formed: much of the Arctic Island? region was submerged: the Gulf of 
St, Lawrence was formed; rise coasts of southern Alaska, British 



Columbia, and southern California were then partly submrtgcd. in each 
case leaving off-shore islands, many of which have existed to the present 
rime. San Frandsoi Bay and Fngct Sound were then iortned by sub¬ 
sidence. 

During stilt later (Recent) time, tnucb of North America, especially 
its northeastern one^uarter, has been parti ail; and unequally re-etoared, 






























































































































432 CENOZOIC ROCKS AND HISTORY 

but it h still below crs earlier Quaternary general height, relative to 
sea. levtL 

E Lister ci No rib America. A tl/mth Comftil Phan. During ma&x 
or KmTiir lli id Olignmir time?., much of eh? ■southern Atlantic Coastal 
Plain and KWiJa were oftupird by son waier *! FigSn {22 ). x^ tiilc 
rhe middle part oi thr coastal region vrsn UtiiL Part nf the 



Atlantic Coastal Plain was sea covered in the Eocene* but it ivas id! land 
in tbr Oligmsw* 

Much nf thr Atlanta: Coastal Plain region ami Florida were sub- 
merged during; moat of Miocene time ihig. 323}. 

During the Pliocene r|Kich only pairs of thr Seaward edge of the 
Athmiri: Coital Plain mi the eastern nnc-Mr nr Florida were sub- 
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mcrgrii the Late Pliocene being reprr-mted hy mat in*-terrace deports 
nmv lei nyr a kw hundred leer above sea level* 

Dieting tlir Quaternary period a series of five or six immnwiidared 
murilie deposit* ut ir laid down on the outer part of the coastal plain 
area* Each of thr*r u rrprmfited toprtgrJiphltJiU} by a more or los 
distinct marine terrace rhr oldest being ar the highest Inch 

The modern shoreline has developed in detail during tlir present 
(Recent) epoch. 

CcfcfflMf P/flio* During Eocene time extensive sedimentation 



Fh» j2$. Hhn-k tEia^riim shimmg rhe livpogrtftliir ftatur*' sod relation* ihf 
i unlit rn Ap psIacMaij and mirdwt u Atljunir Coiutid PIalh region.*, out ih* 
vruelumi oi rhe underlying nxrkiw The gnebsw uni seiiiirs arc fu^-P alto* vie 
in agi:. !Wr pic genth dipping flrcturnmb and TenSnri oral a tmd*f tying 
she OiJ'iil FLqit), A1 mj mil* tmw ihr ippetisnpttUd Ptrtomuc, SirVlufMiiTt^ 
DcIj- vare* and IiLidMin Rivera enr menu) the rfdge* arid iht gmlrutiE- nnje- 
rurn, Tht heavy line indfcairt I hr rum* af a Bed-uglrut eiirooiuiL | Fmm 
liifertkJUUJidl GcutagiriiE Cuiigmr Guidebw»fc- Nt Drawn by E. j, Faisr.V 

took, place over much ot the Gulf Coast id Plain rc-ginn ( Hg, pi)- 
An cEubaytornt dl the Gulf extended northward in rhe Miss^aippi River 
region, a* far as I Minot* much a* it did in tht Late t retacerjus. All 
unconformity between thr Cretacccm* am! i oeene clearly shows that 
there was a fnrnsgrrssiijji of tlir- Eocene over the area. Murine 
conditions in tins embny merit were, however* more or les* interrupted by 
considerable development of non-marine deposits such as I ignite bedi* 
Oligocene conditions were a good deal like those ni the Eocene, hut 
ihr Mississippi ejnbaytncnt was nuith less pronounced and very little ot 
the coast ot Trsav was then submerged I Pig. pi)* 
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During Allocate time the Mississippi embayiiicnr was gone as swell, 
hut sea water spread over the southern part of the Guff Coast most 

ot the time I Fig. 325)* ^ ^ 

Lii the Pliocene epoch only that part nr the Gulf Coast margin from 
Mississippi westward was submerged, and the extern Gulf Coast re¬ 
ceived noil-marine deposits <Fig- 324). 

Some marine sediments were laid down ahmg the margin of the 
GuJi Coast during Quaternary time, and lam in the period [Recent 
epoch i the present shoreline becamr established. 

Eaittrn High hind Region. ThL region includes thr while highland 
area extending Jrom central Alabama through til. Appal acid an district. 
New York, and New I:'.upland to tile Golf of St, Lawrence, Mention 
h:is already been made of die facts that the whole region, from thr 
Gulf of Si. Lawrence to central Alabama, was. by Late Cretaceous 
rime, worn down to an old age-peneplain surface iFall Zone peneplain ) : 
that the old surface was in part covered with alluvial ilrpwits and 
in parr probably with Lace Oetacmus marine deposits; mid that this 
surface was notable upwarped or arched ar the close of the Cretaceous. 
Many streams flown) down the slopes of the great up warp, first rutting 
chanru'L thru ugh the thin mantle of alluvial ami (orj marine deposits, 
and then into the underlying rock*, irrespective <vf the kinds and struc¬ 
tures of the underlying rocks, thus musing them to become super- 
imposed streams. Important among such stream* which have persisted 
rn the present Jay are the Susquehanna, Delaware, Potomac, and Hud- 
son Rivers, all of which follow courses out of harmony with the struc¬ 
ture of (be regions through which they flow. 

lii about Middle Tertiary time, the eastern highland region wits 
again largely reduced to an old age-peneplain surface. 

In later Tertiary lime, thr old agc-ptttCplaiu surfacr wits up- 
warped unevenly in amounts usual I y ranging from a few hundred feet 
to a few Thousand fret. This Was 1111 event of prime importance in the 
Cenozoic history nf the rastern United States because it was the first 
Step in the development of must of the existing relief features of the 
whole eastern highland region, these features having been produced bv 
dissection of thiit upraised surface. The dissection was very largely 
the work of erosion by streams, bur more locally U-.g. the southeastern 
Adirondack region) faulting has produced notable effects, All thr 
valleys, preat and small. >uch a* the Champlain. Connecticut, Mohawk. 
Hudson, and Great Lakes Valley*, and the numerous valley* in the 
Appalachian region, have been produced since the uplift of the old 
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ivorn«db«M Middle Tertiary aurfivor, Many remnants of the peneplain 
surface still remain^ In tile southern Appalachhns {t.%. the Gnrat 
SiiKiky Moufifaim} T IiiigluaiJ, anil rlir Adiroihhck Mountains 1 ni 
New Yurt, parts ui the fcgitnw are eomposeU of very resistant plu ionic 
gmd nu'Tu ititi rphi c rncks, jiti) hriu. h r they were ttttr reduced in a 
beyond that of early oW agt or bte maturity (Fig. ti6}. 

The commonly occurrin*, deep, broad-botiOTTH'ii, strcaffl<t]t \ :illr> >, 
in ihe area under dboisrion-p >hmv that mmy of ihe streams had reached 
graded* or nearly graded. auuHtiwi even hi die close of the Tertiary 
( Ftg. jab)- In thr northern Appalftchhut district, fit least, we have 
evidence to show that after thr streams had reached grade there was 
an appreciable renewed tipiiri of the land which again revived the 



Pttifc RAf 


F«!. s»fl- Thiv highly utnrraLbfil profile and U nurture fcctiw «lww* I hr »>po- 
Efflplur it is i E lifulocir relation (if thr various province* of thr Kmthern App»- 
1 afhiii11 region. The high**t part trprt^tin the G«nt Smnky MiMinwIa. of 
Ihe Hide killlif Friiviiwe, Tboe mountain* were not p me planed by Middle 
Tertiary turn, The vertical mle i» greatly eutKi^rated. 


C eUASITt U+TE OvLEQXOrC 

V P,\LEOZ01C STBATAiCaMBMAN « PElhU^S 
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activity of the streams. Thm ihe broad Hudson Valley, with minor 
hills rising above its surface, way protlnceil when the 1 Hudson was 
well along toward a graded condition anil then, as a result of this 
hair Tertiary uplift of the land, the present narrow and fairly deep 
inner valley of The Hudson was formed. Thr Hudson did not reach 
grade in this inner vsllry, its work having hero interrupted by both 
the subsidence of the land atid the spreading of thr great ive sheet 
over the region. This inner valley of the Hudson has been tfaerd 
for fully hi i miles eastward beyond the mouth of the present river. 
The Coast and Geodetic Survey has made a detailed map of the ocean 
bottom near New York City, anti the submerged valley of the Hudson 
River is clearly shown its a distinct treiuli cut into the continental shelf- 
Evcn in the Hudson Valle) above New York City, the narrow inner 
valley has ,1 depth oi lumdreds of tcet and is mostly suhimrrgtd below 
tide water. Without question, this submerged Hudson Valley was cot 
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when tlir rcj^HJTi was land, and thus we hnivt positive jirotif that, laie in 
the Tertiary and possibly extending into the Early Quaternary, the re¬ 
gion of southeastern New York was notably higher Thun it 1* today, 
Cotwrvatfrff estimates place the amount of elevation greater then than 

now aT not h-ss rl. juflO feet betauir the end of the Hudson channel is 

submerged tLilly that much. The const was then at what is nmv the 
edge of the continental shelf or platform about u %1 niilrs cast of the 
present coast line- That iMt greater alrmidc was before the Ice Age 
proved bv the fact that the iiinei Hudson Valley now contain? much 
glariil debris, By similar reasoning, based upon rise drowned valleys or 
the Maine Coast arid the lower St Lawrence, we know that all of the 
middle Atlantic seaboard region, at least* was notably higher in 
Tertiary time than now. 

During Pleistocene rime, the northern part of the Eastern Highland 
Regiiin, including Ne w York and Svw Y, upland, subsided (possibly 
because uf the weight of the glacial ice upon it! so that by the close 
of the epoch, ami shortly after, the land was relatively lower even than 
it is today. It was. during this time of subsidence : -nmetinw called 
Ehe Chainphin epoch' that the lower Hudson and St. Lawrence Valleys 
were submerged and the seacoasr wo transferred to more nearly it? 
present position. But the land being even lawn 4 than now, the Inw- 
IhikU of f-ung Island and til the vicinity of New York City were under 
water and a narrow arm of the sea extended through the Hudson and 
Champlain Valley* to join a broad ami of the wii which reached up the 
St. Lawrence Valley and possibly even into the Ontario Basin- This 
so-called Champlain Sea existed at the time of the Nipissing stage of 
[lie Great Lakes described beyond (l % H 7 )■ Champlain Sea beaches, 
con mining marine shells and the bones of walruses and whales* have 
been found at altitudes of abtiut Feet near the southern end of Lake 
Champlain, 75c feet at its northern rtul and 5^X1 to 7-• 1 feet or more in 
the St. Lawrence Valley. The deposits or this age arc about gn fret 
above sea level near New York City, and at Albany a little over j<*> 
feet. Tlie altitudes of these so-called raised beaches show how much 
lower the land was during the time of greatest submergence, and that 
the sLibnidence was rno^t toward the north. That tills greatest sub- 
mergence occurred after the dose uf the Ice Age in this regsnn is 
proved by the brr that the firm- raised britches nnd marine dep'Hit*' n * 
upon the bt«t Glacial drift. 

The most recent movement qt the earth's crust in fchr New York- 
New England region was the ven gradual drvatEon winch expel 3 ni the 
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Champlain Sun and left tlie land at its [i resent height. The altitude* 
t»f (lie rjiiwJ Champlain beaches dww that the greatest uplift w» o« 
the north, Up-tilting of various post-GlaciaJ (.Recent) late deposits, 
at the rate oi several feet per mile northward, prove the same thing, 

Jnterffir Ldii/m/f. I he great interior Lowland ! rovitice, iti the 
midst of ttie comment {Fig, t j* ha* been above sea, level and subjected 
to erosion tor a long time—the part from eastern Oklahoma and ^ is- 
cansin to New Toft since the dose of tht Paleozoic, and the western 
border and northwestern parts since the dose of the Mesozoic era. 
A general, though moderate uplift of the region took place in Lark 
Ccuozoic time. By tht Late Ternary the region was worn down to a 
condition varying from old age to a peneplain* "I hi-* old. low-lying 
Surface was rejuvenated by a general Uplift rangiiiK from a few hundred 
feci to a thousand feet. The modem atream-diffletted, hilly surface, 
with maximum ialley depths of a few hundred fret, has developed on 
the rejuvenated surface. Throughout much of the Interior Lowland* 
the PIcisToccnc ice-sheets interrupted the normal work of erosion and 
filled many valleys with glacial drift. Many streams have since cleared 
out such valleys or cut through the drift mantle in new places, Thr 
history of the (.treat Lukes is considered in the next chapter* 

Otari-Omirkita Hiffklmih. Tlie NO-rallcd Interior Highland re¬ 
gion of Missouri. Arkansas, and Oklahoma lias been a land area since 
Late Pdwioir time. A general upward movement, involving several 
cycles ior partial cycles) of erosion and base-levelling, occurieti during 
Mesozoic and Tertian times, The fwiteplsmcd region was uplifted 
to ■ > to _v>o feet in l-ttr Tertian. 1 time since which the highly strrom- 
dbsected -siirfacr «f the pn-sriii time has developed to a condition oi 
maturity. Because of the folded structure of the ttrara, cast-west ridge* 
and valleys have been produced in the Otuchiti Mountains, but, in the 
nearly horizontal strata oi the Ozark Plateau, A very irregular ri.lgc 
ami valley pattern has nesdred. 

CnntiJimt Shield- This vast area. Comprising ahout one-fourth nr 
North America (Fig. I>, Its* been subjected to erosion since middle 
Paleozoic 1 time. Most of this rime it was probably not high above sea 
level. In the Late Tertian the low-dying Canadian Shield Jeem* w 
havr been notably elevated and stream-dissected. Then tlie great Pith- 
toecne glaciers covered ft. I.atc in the Pleistocene the region subsided to 
n level lower than that of today, submerging the Hudson Bay and much 
of the Arctic Islands regions. There is very strong evidence iron) clc- 
vsued beaches, etc., especially in the southeast, that, iti the present 
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I Rpccnr) rjioch, there hai been A very considerable. though unequal 
re-elevation* 

Western Worth America* Crrvt Plaint. This vast ami, stretch¬ 
ing from western Texas lar northward into western Canada < Fist- T )+ 
now rises From an altitude of about io ‘0 (eet aIoii£ it* rastrrn margin 
to 4000 to feet along it* weittttt margin at the base ur the Rock) 
Mountains. During most of Tertiary time thr region waa more nearly 
level, and, especially m the United States and southern Canada* it was 
the scene of widespread deposition of continental sediments These gtttl* 
nmi t< were carried out of the moLintains and deposited in the form of 

id-plain and alluvial-fan materials by the numerous graded and over 
loaded streams. Sediment* of each Critoi&oic tpwh are represented, but 
the deposition varied 3 great deal both in time ami place, and locally 
there was some erosion. The net result of tlietc processes was the de¬ 
velopment of a plain of aggradation, with a smooth, nearly fcaturrb» 
iu r face r by Late Tertian time. Since then the Great Plants region 
has been differentially uplifted to its present height and with its east¬ 
ward down-tilt. Wide aitm (c.g. northwestern TexasJ arc still re¬ 
markably smooth and little affected by ernridn* while other region* of 
sou sediments, high above era level, have been mure or lt*s deeply dis¬ 
sected. oiten into so-called '‘Badlands 11 (eg* in southwestern South 
Dakota). 

PlditoCeJM glacial deposition ba 3 often caused mod idea cm its of the 
topography in tile northern part of the Great Plains, 

The Black Hills or South Dakota stand nut *0 boldly above rile 
Great Plains because the cme of a locally fomrii Late CtcWCkhi* 
dtmial anticline, hid bare by erosion, there consists of vtTJ resistant pre- 
Paleuzoic igneous and met amorphic rocks* 

R&rh MvuiUmns* Onty a icw 0 1 the more important features of 
flic rather complex Cmoicoie history of the Rocky Mountain region 
trill he mentioned. The extensive folding, faulting, and vulouijitt, 
which marked Late Ctefsnxouf and Earl-. Eocene times ( Rockx Moun¬ 
tain Revolution), left the n-^ion topographic!I y high and generally 
varied. Conditions were thus favorable lor rijtfd erosion of the high- 
I mm] fraud deposition of resulting sediments in imcrmniuanc basins during 
Eocene and Oligpccne times, As imitated by the nature oi the sedi¬ 
ments (already described), all sum of continental matriiats were bid 
down, such a* lake, flood plain, alluvial-fan. and vulcanic fragmentd 
deposits. Particular mention may fee made of ihr thick and extensive 
l^ke beds oi Eocene age in southern Wyoming and northern Utah, 
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Marine deposition was entirely locking. The diMribmion ol tSie various 
rnrmarinns i.Eocene mid Oligi Ktm) shows filar the principal basins 
ol deposition varied in time and pine?* 

By Miocene urn? the general relief of the Rocky Mountain region 
wo# low because the hi eh-* 
laiidi liad betii warn down 
and ihe baflim largely filkd 
with 

Vigorous and often ictttg- 
cqn i tmtL-d volcanic ticti v ity 
Took place throughout much 
of Tertian time in various 
part* of the Rocky 1 foun¬ 
tains. Particular mention 
may he made of the tremen¬ 
dous accumulations: of vul¬ 
canic rocks ift southwestern 
Colorado, and the volcanic 
plateau and mountains of 
YvDpwmom Park, Small 
Iwidiei of Intrusive rocks were 
also emplaced here and there. 

In beer Tertiary and 
Quaternary times thr general 
region was greatly rejuven¬ 
ated by bmad upliits or up- 
warps, aceompanlst 3 by very 
little folding, but with imw notahte faulting as along the eastern base 
of rhr Colorado Front Kungv, and rht- western base of the Wasatch 
Mountains in northern Utah. This uplift reached ns climax in the 
Quaternary, but it was not continuous or uniform as proved by rem¬ 
nants of two nr mrire bw-ierell?d surfaces lt widely different altitudes. 
Our r>t rhe^e surfaces, called the Flattop p*nrplairt P is remarkably well 
preserved at an altitude of about feet in Rocky Mountain Na¬ 

tional Park (Fig, jay). 

The late Ccnozoic rejuvenation of the Rocky Mountains resulted 
ui removal of much Tertiary mateniih and the bringing mto strong 
relief of fhr older, harder rocks, by the wived creams. Thus Ln many 
the principal ranges of today, such a> the Mig I him, Wind Rh-rr, 
Uinta, Medicine Bow, i.mr» Colorado I roue, and Sjmgre de Cristo 



Fig, jar. Remnant ftf a grailr rolling (old 
uiridCe UpOOO feet abovt Mi) Irvcl in 
the Rock-*, NMuiuiinu In Middle TretJaiy 
iirae ii covered $ \\[Av. rrgwin ihoLifintdi of 
te*t bttaw ilJ pm*rijt lereh and llir peak* 
in ihf baekscmund <U thr picture T*rrc Eh*Ji 
muesduoeks. Finn up Mwusitasn, R<x4y 
Mil uncoil i Xariantl F'jrfc, Colorjdn. 'Alter 
W. T. L«, U. S. Gntagiciil Surveys 
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Ranges, cmi*isc ni imih hnul curt* of hard pre-Pdiwuic ^r smites, schists, 
etc. In other casr*. mi’h ^ ihr San Juan Mountain* of Giloradn and 
most of the mountains of Yellowstone National Part, tnuch of the 
high, rugged relief is a mule of vigorous erosion of nearly bori/omal 
Tertiary volcanic mules. 

Pleistocene glaciers m the higher mountains produced many local 
effect* of erosion .md tlcftQtttlfHU 

Co/fiFrar/* PAtf/fin, Lucene confijimtal a«UiiWiti were laid down r* 
rensivrly over much of the Colorado Plateau region, especially it* fKirfh- 
tm half, Then followed a long interval of cit»inn interrupted by 
some: broad, gentle fold* Of tip warps in pliocene time. By l.4ire Tertiary 



FI--., A Idfrhlj genera Use* d ‘iMiimr *rnion ihrnugh rhr C»l»ra^i» Plateau 

fuming in pmn-ipal 11 ■ i-i ^ [ibi ^ a mi gcotogk h^iuit*. Sole ihc 
HHtfhmrd down-tilt; itir K^ph^U plarmu upward; rbe remnant* r.t ntire 

iTkJte %tid prt .L:I M^>K»ic zsnJ Ce:ioj<iic «trata. uEtJi tfcrjj Htplikt tupo-c 

rsphi, nr the upj^r righi; thr dee?-cur tirand Canycm; aruf a L.aie €mn- 
dr vulcanuv 

time the whole region was a low-lying peneplain. More or less cx- 
teustve lava-Atnvs spread over this peneplain and various volcanic peats 
ui-re built up, a* W example in the large sultanEc district in imrtti- 
central AfkntiSL. Tertiary hiccutirhit inn unions occurred in southeastern 
Utah, 

Before the dose r *f the Ternary there was a moderate general uplift 
(hundreds of frn otdy)* with some north-south saint mg. Tins re¬ 
newed the erosion which produced broad, shallow valley* and u step* 
like topography, the latter because escarpments were developed along 
outrhifm uf cettAtn restrain formal ions, 

71it pt*-sciif r%clr nf erosion began in the Early Quaternary; Et was 
introduced b> a profound grniral uplift of the whole Colorado Plateau 
region, accompanied b> a grmrnl northeasterly up-tilt [ Viz- 33&h In 
the south the plateau was brought to an altitude oi about jobo fm r 
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aiuf in tlie north lu more thau in,. too Eni. Tlie uplift caused a vigorous 
revival of *Uram eroeuntt* particularly hi the great 
Colorado River which ever vurt b*en busily 
engugt?d in ea rving uni the 1 irand Can>nit oh Ari- 
aoiin. There has alio been Quitemary vol¬ 
canic activity aa drown bi the young cinder tones 
Hear Ftagpta ff, Arizona, 

Resin tind Rtntu,- Pruvimt* I hi- large fdnw.d 
province { Fig. i\ in f!ir unidiw extent l uitr.l Starts 
is churactcrl/vil h\ manj roughly paraJlej ranges 
separated by njluml brato# (botaorcs)* Altitudes 
vary from 37b leer below sea level in Death Valley, 

California, to over ij.emu i>h in the Inyo-Whitt 
Mini 11 rains of extern Caliiamia. 

-Most of the region was tfipre or h>^ strongly 
folded into iiHimitBins the time of the I-ate Juras¬ 
sic Sierra Nevada Revolution. During the Cretaceous 
period anti most of thr ( • rrian. pm found erosion 
reduced fEjr whole region to low rrlht (old age). 

In Late Tertian rime vulcanic rucks (mainly 
|av3'tiim> i coveted many targe and small parts of 
rhv old-age surface. 

Beginning in the Late Tertiary, and continuing 
through thr Quaternary djjBtrtrphlsm idiidU fault' 
mg 1 ha £ been vcr\ active, resulting in the develop¬ 
ment of many fault-blue It mountain* and intervening 
fault-trough valleys, an excellent example of the |qt- 
ter being Death Vailey. In many pta™ rhr once 
horizontal tava*Rows may now be seen on the brtclcs 
nf block mountains {Fig, jjo) T The process of 
faulting have varied a bwkJ dr.il in rime and place 
thnmghout tlir province- Fur this friLson many Fault 
*earps are much tnnre modified hi erosion than 
others. Some high scarp# are remitrLihly steep and 
compamrivdy little rrndri] (Fig- 33 r). Tn not a 
lew cafies fault scarps hair recently forme.I across al¬ 
luvial cones. Notieiriblr dislocarinm have iKonml 
along vnmeiit t hr faults during rhta^r frfti years. 

While (He rising mountams have been eroded, the resulting debris 
has largely been carried into the intcrnwntafK basins, most of which 
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have no nutlrf> to the sea. niuis, the basin* have been nggradrtL often 
in depths of hundreds uf lect, Viewed broadly most of the Basin and 
Range Province si in an early nutmtr stage ot rhr desen cycle of erosion. 

Some volt ante action has continued tl trough Quaternary time almost 
to the presriir da>. ^ in Owen's Valle* .mil the Mutant Desert* Oh 
form*, where remarkably (rnh taiadlmv-* have very recrnily spread 




FlG : \u- KliieV lI i:s^raE]i> ill ultra ilnt* tipi: j' nagcS In the Infer Cemiaic hislary 
fif ihr HmIh and Kziufiit FrovLiwzr- Upper riin^am: back pair show* the 
\Mc Tertiary [>i'm plain, and limit pari the am* partly Wrrftd tvjlh Uva- 
Jftjiw l.mvtl dtaj;raiii- bad P*tt ih&tt* the region after block faulting a* 
j( iweiIiI appear if linatftrtecl by ermiott, Unit Imiir pin ibt actual pn^-rrt- 
iljj fuiutiiUuL The particular re^J.tn here sketched iLtcltitles iJk Fcarodt 
af iirHern Amaro. i,Drawn hy W, Vt, Davis.) 


over desert sand*, and cinder roilcs are illmnst untouched by erosion 
l Fig. 

During Late Quaternary 1 tim*. the Bus hi ami Rang*- Province had 
a mob ter climate than at pie*rnf> been use fake* were much more numer¬ 
ous and larger than now, 1 *nr or the largest of these was Lfjjfr/ ffanftr- 
tWr 4 Utah, which reftrtsenid a greatly enlarged stage or the Great 
Salt Lake- Shoreline phenomena oi tbit, and many ol the other lakes, 
are often remarkably preserved. 
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C&lttfrihi*i Pltittau. The building up of the vast Im region known 
as the Columbia Plateau, covering soo^khj sqirsrr rtulrs of the north- 
western United Stairs between tin Cascade and Rocky UuiMtaittt, urnk 
place during G+nmsok nine. It h mu- ui the few ^rcatrvt Lava fields 
of the world. Figure rmptium An-m to have produced ttto*< of thr 
lava-flows which enmmutily spread far from their sources, and piled up 
ro thicknesses as great as 5000 feet or mure. The vukanLsin continued 
with more or lesi vigor through Tmuiv timr, but it was must pro¬ 
nounced iuid widespread in thr Miocene epoch. It gradually diminished 



Fsnv, 331. fircai fluli-flKfl of I-atr Quiltm/m A£r HU ihr mi\r of Dc^p Spring 
Valles C*lt#OfHtsu Thr- ring* im* pn» Fcrt ahuv* ihr vaJLrv frr*»r h I hn 
trhtly eroded 1 ra'in^utvr faufi-lacrts art hundred! uf loci high. iPJnnn 
b> W. Hl MomlidtLi 

during ihr present (Quaternary) period, ionic of thr rno>T mlr resting, 
recent volcanic rucks being in Craters of thr! Moon NatraiiaJ Monu¬ 
ment in Idaho, 

The evidence from some mrmnraiFis not buried under tire lava |r,g. 
IIEue Mountains, Oregon} and from canyons where buried mounrains 
havrbern exposed by erosion (e.g* Seven Devils Canyon of Snakr River) 
show* that ihr pre-lava topography was that of late maturity or early 
old agr of the normal cycle of erosion. 

"For thousands 01 square milt-s thr surface {of the pkreau J is a 
Java plain which nws rhr boundary muuiitains as a lake or sea meets 
a rugged and deeply ii id tilted coast* * * ,. Idle rivers which drain the 
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plateau—the Snaltcv the Columbia, uml their tributaries—have deeply 
Trenched it. yet ilifi t canyon*, which reach the depth af wvrraJ rliniuand 

Jeer, have hot hern werrn in the base of the lavs except near the margin 
and where they cur the summits of mountains drowned beneath the flood. 
Here and there the plateau has been deformed. . . „ Tilt plateau lias 
been built like that oi Iceland, of innumerable overlapping sheets of 



F ee*. iii. A rectni cinder cone on ihe Mohave I V?i-n nrar And>oy p California 


lava, . . * The averajpE thickness of flow* seems to be about seventy* 
live feet, 

"The pi jit ran was long in budding. Iktwtsn the layer! are found 
in places old soil beds and hirst grounds arid tile sediments of lakes* 
. . . So ancient are Hie latest flood* in the Columbia Ba*irs that they 
have weathered to a residue! yellow day fropi thirty To sixty feet hi 
depth and marvelously rich hi the mineral substances on which plants 
frrd, In thr- Snake River Valiev the latest lavas art much younger. 
Their surface* are m frc*h arid uiidecayed shat here the effusive erup¬ 
tions may have continued to within the period nf human history." 1 
It should not be understood rhat all the rocks arc lavas. In various 
place? and at different times, fra ^mental materials accumulated, often to 
depths of hundreds of feci* A good case in point is the John Day 
1 W, Ji Nortun: Plrmsifb *f Gt$t*fy w pp. 41 * 0-400 
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foilltfclltim of Oregon (Fig, 3J4). During; find after the main ertlprinm 
the lx was some ^entin. folding; faulting and general wairpiiig oi rbc 
region. Mem tun may be made of .i Lirge body fit water, ceiled 

iv hi eh cittir into xxktrncx lieeauAe of aurJi. dcirrniiation in ihc 



FHh 533. Map »huudiig tltr mrf&ce dutrihuiinii (area* of aulcropvi r4 Cmoitiie 
rot rank rod** in North Amerieo. {FrmdjjiNtl data frail thr U. S. Geological 

Sufvej P J 

midst of Tertiary lime in -astern Qrr&ni-vrrzttrn Idaho. The extensive 
Lake beds are rit.1i in tossil plants. 

Cmcadt Mountains The Cascade Maun lain region, mending from 
the LaiSen Peak district in northern Cali! or nut through Oregon and 
Washington (Fig- t ) H w as more or less folded and elevated infi* moun¬ 
tains Toward the close of Jurassic rime. During Crctaetms and earlier 
Tertiary rimes there was profound tnjsitMi of the repnm Great volcanic 
activity, mainly in the form ot lava outpourings, occurred in (he later 
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Tertiary. These volcanic* piled up to such a great rxtmr as almost 
completely io bury the pre-Tertum rocks in rhr middle and *outbern 
parts of the Cascade region. By Utr>l Tertian or Fatly Quaternary 
time most of the region* particularly in northern WaihingTOJi. was in 
■in old age or pE-ntphiiti stage of erosion. 

Early in the Quaternary there wax a great rejuvenation of the Cas^ 
ojdr region by uplift* accompanied hi warping and gcntlr folding in 
form a phii-au to ftOOO feet above sea level. That portion *rf 



Yuu t 14 An fiprrfurc uf die Jnhn Hat t nnnn t 3 n n of 0 >i£r>Cfnr-Mi-icriir r$ 

TTiilfi uclrtli 4J> Daji'vitlr, The ticuly h^rirnalal hud* f*£ buff and 

lErwri m Eh emna'in an jnicrbcddrri nf red rhyoiitfc lava {darker Eai cr] 
in it* upper psru (Phmo by fi- W, Charwj.) 

the ran£r which i‘ cut through bv the Columbia River was bowed up 
ftdveral thousand feet in the form nf a broad anticline or up warp, 414 
miles wide, with its axis parallel to that of the mountain*, anil the 
river maintained its course, as an antecedent river; during the uplift* 
During and since the rejuvenation, the plateau has brim deeplv 
dissected bv streams aided somewhat by glaciers. In she meantime 
nurru TOU'. larp? vulcanots were active from one end of the range in tIic 
other, building up a siring of conex above the gmerd level of the 
plateau surface. Among these tones arc La^n Peak. Ml Shasta, Mu 
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Pitt, Mt. rXcMTKi- Mt. Rainier, and Mr. Jiskcf. Many of rile larger 
conn Hipjwrled glaciers during the Pleistocene period, and Hime of 
them, parti tutarlj Mr, Rainier, still da* 

Crater L^Lc> Oregon, 200a fret deep and nearly 6^00 feet above 
sea level, partly fills a crater pit (or caldera] about t> miles in diameter 
<Fig. Ji5), The cal¬ 
dera resulted from flir 
co 11 ipise and ns gu I i- 

racnf for possibly ex- 
plosion) of the upper 
portion of 1 once peat 
volcanic core known as 
Mt. Manama* Glacial 
deposits have recently 
been found interbrdded 
with volcanic rwb in 
the walk of the caldera 
facing Crater Lake 
ihuj proving fliat 
citt^ existed 
Max am a. from tunc to 
rime while it was build- 

ing up. 

A cinder cone and 
small Java field near 
Lassen Peak, Califor- 


lira, are very young, 
the latest Java having 
poured mic during tbt 
middle of the igth cen¬ 
tury. Lassen Peak it¬ 
self was explosively ac¬ 
tive during the years 

n 914-1916. 


Fill 33 j. Skttcbn itluiimlug liir later kiflair of 
Ml MaznmiL, UrcRUfi. Ijiptr: ihc f ull-grriwn 
aetTvr in Late FlrbR* tuir Time. MidUFf 

thr pan t draprd wish gLacier?. during (hi; Lsts 
Pjtitiifccene Lower : the mwiEirain a* ii now ap¬ 
pear* flftn dt-timetkin ^hf the coat and p=mial 
ftMing of the refilling grmt crater pit with 
waur Iei form Crater Ljke r (After W. W* At- 
WlMMj T Ji H J 


Sirrfrt Nevada This mountain range extends 500 miles 

through eastern California and rises to a maximum altitude of 14,4^ 
feel fo lit Whitney. 

As wt have already learned, the Sierra Nevada region wb highly 
folded, intruded with granite batholiths, ncm! elevated into lofty moun¬ 
tains toward the close of the Jurassic period. During ihe Cretaceous 
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tlir mountain* were worn down Hi 4 lowland comUtitm. In the Focene 
epoch there w:v- «iflkirrit rejuvenation to cauw revived sirratm to cut 
canyons jooci to 2ix^ fee-t deep. A l any oi the famous gnhhbearing 
gravels of the region then accumulated in the stream beds, Volcanic 
HK.k^ p&rtkiibirly IU&> then buried must of live gold-bearing gravels. 

During tm»t of Oligpecnr mid Miiw.-cpr lime*. profound erosion 
reduced the whole Sierra Nevada region to a 'opngraplik miidttinn of 
dflfty old age. I.jtr in the Miocene large part* of the old surface* 
mrinlv iit the north, were covered uirh lava flows, 

.At the end of the Miocene another rejuvenation occurred, this time 
hi rhr form of a Tilted fault-block with a scarp about ■*■*> feet bi|^i 
dong rile eastern side, and a much more gradual slope down the western 
side. 

The Pliocene epoch was a rime of erosion when the main stimuli 
cut canyons soon to 15110 feet deep into the western slope. 

ETarlv hi till! , Qunteman there bewail j ^rr:i[ renewed nplist oi the 
tilted Sierta Nevada fault-blink which cxmri ruicd through the period, 
giving rise to the pre^nt-day t lofty range, The streams, which became 
nor only 'swifter but also larger,, deepened the Pliocene canyons so that 
now many of them art 3000 to fawn icti deep U-g- Kmgfl River 
(Jaiivun)* Valley glaciers toiteu very large ones) occupied parts o i 
many of the canyon*, ami helped m deepen them somewhat and change 
their shapes during thtr Pleistocene Ice Age, a* m the case of Ywmite 
Valiev ( Fig. 3+2), 

timst Rtwfft 0/ tht United Stater. During the Eocene epoch much 
&t western California, Oregon, and Washington were under the sea 
most of the time O il*. 32 t ). Eoceitc lavas poured out in western 
Washington and Oregon* 

The OligTOme \vu> marked by some what greater elevation of the 
coastal region, causing the sea tn be much more restricted ( Fig. $22)* 
Non-marine berk such as the grape formation in southern California 
piled up in various places. 

Sub met »vi ice of the coastal region, comparable to that of tlic Eocene, 
ttwrkd earlier Miner nr times la the niidit of the Miocene there was 
pronounced diastrnphhm t involving local folding jii< 1 uplift, in fhr CoaJU 
Range region. There weir great extrusions of vulcanic imts at this 
time in southern California* The later Miocene was another important 
timr of subsidence, particularly in California where the western one- 
third of the *tate was submerged- Sediments piled up to great thick¬ 
nesses in the Miocene seas. 
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Jn the Pifoctue li a3ifc uulirai Pleistocene thr seas were much more 
rir^trittciJ than in the Miocene* but in southern CilifoniM conditions for 
rapid sedimentatii m in local basins weft so favorable (t.p Ventura 
region t that marine strata piled up to the phrnnmm.il ihiitciir-i of 
&K* * *' terf ill Mich a short time. Non-marine bed* of Plincrur and 
Ear!) Plciseocene ages also accumulated in nmn places. Considers hit 



Fin, ]V : - Lacs tty folded mariiw pfinti of Tertiary agr in the Coast Rune? 

Nc|r Las Cruces, CaliioTiUii, 


Pliocene vulcanitm occurred in the northern Coast Range region o: 
Cah forma. 

Well after the opening; of thr Pleistocene epoch, there was general 
elevation and ^rrai Jc formal ion inclnduig much folding and faulting, 
throughout the Coast Range rejitnu. Tills orogeny, called rile Cm$$t 
Ran?r Rwiitutirw. Inis nm ended as evidenced by limit movements such 
a> that along part pf the great San Andreas la ok in 190b. Strata, often 
211,000 10 40,000 feer thick, have been more nr less profoundly affected 
by the disturbance. In various places strata as young as Early Pleis¬ 
tocene show ftrting effects of the didJfrophbtftL The revolution has in¬ 
volved .■* series of movement* vary ing in intensity, time, and plnoe. 

The Great Vallry nr California, little affccM by folding and fault¬ 
ing during Quaternary time, lay between the rising folds of the Coast 
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Iv 3 iii£r Mountains urr thr west ninJ tile rising Sierra Nevada rmilt-blwk 

uii i hr past 

Their art many records oi later Quaternary ups and downs in the 
Coast Range regum of the western United States, often amounting in 
hundreds of leer, -is shown by uplifted marine terraces and h\ sunken 
areas such as Sun krartn.^CQ mill Puget Sound* 

Southutsu n: Celifar* urr. Somt of the principal mountains of MUtlt- 
western California are the San Lubnclj ban Uemardiho. San Janum, 



Fie. 337. A nearly fiorth-WFiii mracture *ecri<in thmuKh n jmn of L™ 

Ansvlrt Gfluirty. Californio, proving thin tlir [*pfois wai unmsly Raided nml 
faulted aiier Fli^itoeent- (Saugn»!> ^iraia ^ert (kpfuitei LetigiFu ni 

Kerinn r milf*, Symbol* - fr< ~ prr-Cmaerent^ crystal! ill I rrvs*: D/= 
Miarrtir flaflawri samhuiflr , TnU .S. Tfij—M iooelie Mmldal ibalc mnl 
3?ml*lo0£: Tt> = Ulf F3iuct^ fPien) landuflr!*; and Tj—E arly flriitu- 
C(-ik (&augttt) sandrinnc. I.Afirr W. 5. Ketr, L*. S, OrtlvKinal SijrVrVp 

Bui. 7 SJ -1 


and Pedmtdv Ranges (Fig. i). Tliry have many points reaching 

altitudes of toUU to over 11 >000 feet. 

During Eocene, Miocene. and Pliocene rinses the sea spread over the 
omtal putt of son lb western California, including the sites of some oi 
r he smilltT rnngcs. Sedmieiifv piled up rn .s grrat rtmVknr^ in forse 
marginal seas, particularly in the !j* Augufoi Raiin where Tertiary 
strata arc fully 20.000 tree Thick. In Plfetene time the Gulf of Cali¬ 
fornia extended farther north than it does today (Fig. 324). 

The Tertiary upland region (usually mountainous) facing the mar- 
ginal seal onsisred mwtly of hard igTirous ami met amorphic rocks of 
pre-C ret accrue? ai*e. It was inheritfd from the mumtsins formed during 
the Sierra Nevada Revolution. By Early Pleistocene time the upland 
region was reduced to :in old a^c nr prnr plain condition* 

Fmfound dias trophic activity ifurinc Quaternary time has resulted 
in the uplift of lame and smull bodies ul the old hard rocks of the 
worn down upland regfoti, in ihr form of fault blocks, to various heights 
( Fig. 338) p In most cases for trmunlam blocks me thousands of feet 
as so-called hursts hefwern two faults ic.g, San Gabriel Mountain*. 
Fig. 338 ) t wink in orher cases they were upraised as tilted blocks 
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(e.g. Santa Adi Mountain*).. Thor mountains have frs-en deeply 
itream-ijsisrc ted fu ^tage or late youth or carl) maturity. In mrtm 
places distinct rmirnuUs oi the tnrmei old-age surface are now preserved 
thousand* of feet above sea level- There is some evidence of former 
small glaciers in the ! higher mountains. 

The Quaternary dias trophism excluded the margin a I sea tram the 
C(];vhmJ heir, ^ml inure «r tew folded the Ceiuwdr strata. Much alluvial 
muter ral. carried our or the mountain* by streams, has accumulated 
over the coastal belt a* a surface ikjittiH, often hundreds of feet thick- 


T 



F LCL jj3. Putt rtf the Salt Gabhr! Mountain* rifin^ 5000 feti ahipvr Paamdcrm 
Ciltf&mb. T-bcK mcmntiut!* utte uprebed Jn.iiiiLy in writer Quairman 
rime. The sleep from ®f ibr rijngt h 1 fauli scarp much muilinpiE by erosion* 
There are deep cauymit back in the fnckimaitih. (Ptorn h\ J* E. Wolff.) 

The in lands off the coast of southern California were also separated 
from the mainland by the Quaternary di as trophism* 

CpjiiEcd marine terrace* lire indicator* of recent movemetUs along 
the coast* 

AVdiritr/A il/oiur/tfjjLf. The KLim ith Mountains of southwestern 
Oregon and iwrtluvcstern California f Fig. i) hail i prr-CcffOzmc hi*- 
Tory much tike chat of rhr Siemi Nevada. Their former rnnnrftion 
with the latter was buried under great arcumulalions ot Tertiary vot* 
canity. 
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The mounttiOf formed in L*te Jurassic time were reduced to 4 pene- 
ptdin b> Late Miocene time: uplifted with warping in tla-r Early Plin- 
eerie; reduced tu Lw rdiei again h> Late Plipyciir Time; and generally 
rrjuvemit-d b> Severn! thousand Inrt of uplift m thi: Earli QuitemEsr*, 
thus star tins; the present cycle oi erosion during which the old (phiteftu 1 
jiiirfict has hfrn highly duacctctl. There were some small Pleistocene 
glacier*. 

ri/ftrla rfftJ //ViirriT Cmtadu, Tlte latrr geologic hhtory oi this 
large and complicated Cord i Reran region if mufh less well known than 
that of the western United States- U involved much niouncainmakmg. 
including folding or strata and batlidithic intrusion, in lain Mesozoic 
time, particularly in the Coastal Range and in the Endicutt MotiftUnt* 
■pajcI 1 of which extend* partly through the rcgimi; much reduction >if the 
region hy rusion during the Tertiary; marine im-adon* of small parts 
of the L^ststaJ regions in thr Tertiary: vnleanrim in rhr Tertiary ; wldt- 
spnard Quaternary elevation to about the present altitude; deep dissre- 
tsM of the elevated region by erosion: And continued viJcirtism 10 the 
present Jm - .. cfrped:Jly in the Alaska Peninsula'Aleutian Islands legion, 
Various local change* 1 ri level have occurred m hirer Quaternary rinse. 
The 1 turnernuv gkdrro nf Alaska, and stmir in southern British Co¬ 
lumbia ore but remnants ofr ihc more extensive Pleistocene gjftciers. 

If'wUrn Mrxkv, The later geologic history of western Mexico, 
including Lamar California* involved mountAirt-tn&king with folding td 
strata and bafhi jlishk intrusions^ in Inter Mesozoic time; the cutting 
down of the moumaiirt during the Tertiary; tremendous and widespread 
volcanic activity during the Tertiary {Fig. $$$) ; an enlarged Gulf of 
California in rhr Pliocene ' Fii*. P 4 ) : general Quatirrmir^ rh v Arion and 
cro&Ei>n : 41 id vulcamsnrj, bringing ahum present'd ay conditions. 


Cexozoic Cm mate 

During Fatly Eocene time fbr climate of North America ww$ in 
general notably cooler and drier than that of the present day# This 
was due mainly to the influence of the great newly formed Rocky 
Mountains, (Racial deposits of Early Eocene age have Iktu found in 
Colorado. 

I "ram Middle Eocene to Middle Miocene time Xarth America 
had. in general a warm-tenipenite, moist climate because the high mourn 
tain* or the west were in such a worn dmvn condition tfiat the warm 
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moisture-laden winds, from ilic Pacific were free to sweep across the 
relatively low lauds. 

Viewed in m broad way, the clfeife of the wntiuent gradually 
became coolpr and drier fmtn rhr Middle MifX'ene m ihr Latr PlicHciH’. 
im'luiive* in place* reaching Arctic conditions* This caused by 
widespread sipliits oi the land over the continent, hut more especially 
in the Cordillcran region. 

The grand dtmav of Oua&oic odd was readied in the succeeding 
Glacial epoch of the Quaternary period. 


CHAPTER XXIV 


QUATERNARY ICE AGE 

The Pact or the Ice Ar-f 

The Quaternary period waft Ushered in by the spreading of vast 
ice sheet* over muck of northern North America atid nnrthrrii Europe* 
Thin event tunm lake rank as otic* of rise «in*t and remarkable 

occurrence* in geological nine* On firnt thought, the *xkmn:r of sudi 
vast ice sheets seems tiribclicvahlc_ hut thr !cr A^c ocv-grrid so short a 
time ago thrni thr records of the eve nr arc perfectly dear and conducive. 
The fact of this great Ice Age was discovered bv Louis Agassiz in iBjtj, 
and fully announced before the British Scientific A^aomtfcm in J 8|tx 
For v>mr iean ibr idea wm opposed, especially by advocates of rlir so 
called ircbrrg theory. Now, howwf t no important event of earth 
history is mote firmly established and no student or the subject ever 
questions the feet ot the Quaternary lee A^e. 

Ice Extent anp Center or Acciml lation 

Thc 3 LMompin? ing map s Fig- 3.}t>| shows rhr area of nearly 4,-.. v - 
ni> sq li a re miles oi North America covered by ict at the time of maxi¬ 
mum gladstion, and also the three great centers of accumulation ami 
dispersal ol the ice* Thr directions or flow oi the ice from these centers 
have been determined by the study of the directions ot j very large num¬ 
ber of ghiL’uil itnpc, a* well a_s thr direction nf transportation of thr 
glacliil dr hr is, Greenland tvav also buried undei ii’r during the Quater¬ 
nary period* 

Two striking f earn res regarding the distribution of the icc wen: 
(1) the failure of the ice to cover any of Alaska except its high 
mountain region*. though that country is much farther north than irrc^t 
di tlie glaciated area; and f 2 ) Hu- failure! c J anything like cantinumia ice 
*hm> nvrr the high plateaus of ihe wrttrrri United State v, while thr 
great ire sheet spmd over much of die low plains area of the upper 

Mississippi Basin-* 
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Frntn it* center of accumulation, (he Labradorean kc 'liter extended 
inlly rtK'i miles ^uuthwTnward or to about the mouth of the Ohio 
l?ii-er. The Kerwaiin sheer rare/ided from its center southward nearly 
» far, or Into northern Missouri. These tv™ great ice sheets prac- 


Fto. JJ9 Mnp nt North Amcrui thnwfp* lire flCKltf of fi lacier. during 

thf Pleistocene liv Age- The lnc*tin» ami genet a I 'lirceiion* of n»v«nfni 
of the jjteat iff sheet? irr indicated, and region* r.t local fnttutilain glacier" 
arc *hu*n in b1«L iMudirbU after D. $. CetdagicaJ Survey.) 


ncillj merged. “One of thr m«t marvelous features of the ice dispersion 
was the great extension of Hie Kerwatin sheet front a low Flat center 
westward and souifm-rsni ard over what is now a semiarid plain, rising 
in the direction in which the ice moved, while thr mountain gladm on 
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ihe ivtsi, where now known, pushed eastward but little beyond thr inot- 
hills.'' {Chntiibcrlui and Salisbury)* 

The Curdillcran ice sheet Appear* to have been mo$tli made up of 
IxhEh pLueau and typical imiunuin t Alpiu-u <duci*i*. Toward the *ou(h 
it extended only i little way over rhr hitjh mountains ot the northwestern 
United States, 

Newfoundland probably find a local center of glaciation. 

South oi the ice sheets above described, tile higher mountains of the 
United States, even as far south a* southern GaliiGr¥U 4 + Arizona and 
New \Jrsii*i. hire numerous glaciers greedy varying in *isc f Fig. 330)- 
Thae were always of the typical valley nr Alpine type* instead of ire 
sheets. Some til these mountains, such as Shasta, Hood, Rainier, and 
tho*e oi the Glacier National Part in Motnana. still have glaciers, the 
greatest brin^f those 01s Mount Rainier, where they attain lengths of 
front 4 in fi miles. The Pleistocene glaciers were, however, fur larger 
atul more numerous in these munmaiii regions { Fig, 339), 


DtufccTjQN or Movement astp Depth or Ice 

The fact that gluciat ice llnws as though it ivcrc a viscous substance 
U well known from stuiiw* of present-day -jlueitrs in the Alps. Alaska 
and Greenland. A vomit™! assumption. either that the land at the 
venter of lrcimnj] atirm must have been fhmnamK of feel higher, nr that 
the ice must have been immensely thick,, in order to permit flows gr so 
far out mm the center, is not necessary. For instance* if one proceeds 
to pour \iscous tar skmiy in one place upon a perfectly smooth (level) 
aufffive, the substance will griuluallv How out in sJJ direction*, and At 
On rinse will the lar at the venter of aCCiimuhtinn be very much thicker 
thn.ii .it other fiber*. The movement of rile Ice from each of the errat 
venters was much like rhb, only in thr case nf the gloderr thi- piling up 
of snow and ice wra by no means confined to tin- centers or accumulation* 

Evidences or ghdanon, such as stria?* boulders, lakes, etc., occur 
high up in the Adirondack*, flic Catskills, the Green ami thr White 
Mountains and thr Berkshire Hills, that the greatest depth of ice 
over New York and New England could mu hare hem less than one or 
two mile*. In fart wt have every trmm to heliwr ibit all ui the moun¬ 
tains named were completely buried. Tic reader may wonder how the 
ice over a mile thick fn northern New York could have thinned hue to 
diiappcarancc at or neat the Sou them bonier of thr state, but observa¬ 
tions on casting glaciers show dial it is quite the habit of extensive ice 
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bodies til thin out vrn rapidly near the mprgiin, thus producing itrrp 
slope* along the ice fronts. 

Thru? is- little reason tu daubc that die vast ice sheet over the upper 


Fie. 340, A miinrkablr rrnifd nv*. glaftatinmi hundnda mil I inn* j^ir* 
Apart. Thrrrmaqhh eu risrjUrtmni ImuldtMiejfiP|£ glacial lUI «nf Pcwcnnmic 
(Hunuunn'i which has ktn platv^d ott, nrht^l jiijI fwli^nl by .n 

PkiMfMtrrn; kr *h«f. Near Thc^iluA, UDfari* k Canai! jl tPbmu In A. P. 
ColmumO 

Mississippi Valley was also thousands <vf fret thick. The portions of the 
mo taints there dearly prove that the ice front was more or less dis- 
isiii-tU lobate. 

Successive Icf: Invasions 

Tilt front 11J the great ice sheet* like that ul ordLiiLirv valley glaciers, 
tiiLtst havr thuun many AdvKraer* and etreats. In the northern Missis¬ 
sippi Valley* however, we have positive proof of wernl important ad¬ 
vances and retreats of iht ice which gave rise to true iricerglacral stages. 
The sticiEldest evidence is the presence or successive layers of gl acini 
debris, a given layer often having hren oxidized, eroded, mA covered 
with vegetation beiurc the next (overlying) layer Was deposited Hce 
Fig. J4 1 y In drilling ivdli through the glacial deposits nf luwn, for 
example, tWS> dfatinct layers ul vegetation Are utten encountered at 
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depths at from ICO to acxj feet. Near Toronto. Canada* plants which 
actuals belong much further south m a warm climate have been found 
between twn layers of glacial debris. Thus we kmw that Mime, at 
kasli or flic icr rrttrars produced imrrdndal with warmer cli¬ 

mate and were $afErirnt greatly to reduce the $ i*r or the eontijicirtal 
ice sheet or possibly to cause its entire disappearance, 

Hr applying ih c principles Just hi id down, at least four advances 
jul 3 rc-trots of the ice r with distinct mtcrglrtrial iiuervab, Iiavr been 
recognized in North America as fallows: 
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The various glacial and interglacial deposits arc by no means every¬ 
where always present, first, because, in many places, nlder deposits were 
eroded away before younger deposits were laid down, and, Spanish be- 



Fk.. $+■- f>kgfananaifc tiroctftre ^return thawing rrLiitbmihip* of the main ili- 
viiJtilU and lubdivijioct of ihe FJcii^eiic drtKAiti in the \|'jtuning Viltev 
(After & ft Ka?*) 


can'rf ilir various ice sheets diflrted tiomiderahh in regard to the areas 
they covered, especially within a tew hundred mile* of the southern 
limit of glacapnon. Thus in Figure J 41 the; Centraliaii deposit* are 
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seen to be mining between the EJdoran aim! Octumivln over a large 
region. 

In Ntff Vo ft and V nv England no \th positive evidence has as yet 
hern found to prove Truly multiple glaciation, though some phenomena 
as. for example certain buried purges, arc difficult to account for except 
oil ihr basis of mote than one advance and retreat ot the ice* At any 
Rile, there appear* to be no gwkl reason to believe that there were more 
than twti advances and net reals or ihr ice over this region* 

For our purpose era considering onh thv general movements and ef¬ 
fects of the great ice sheets, ive may practically disregard the prablrni 
nt miitriple glaciation. becatise (he find effects would have been essen- 
tislly the same as a result of a single great glacial advance anil retreat. 

Recent *tmiics have shown that multiple glaciation also (mcmresl in 
rbc mountain?, of the west fCcmEUerw region ), beyond the limits of 
the vast ice sheets, ilumig the Ice Age* Thus, in thr Sierra Nevada 
Mountains of California, valley glaciers wme and went ihtee (and 
possibly four) times an indicated several glacial deposits ct litseincily 
different ages. These glacial stages very likely correlate with stages of 
the great kv ilieet*. 


Tnz Driftless Areas 

In southwestern Wisconsin, ntid extending & little into adjoining 
srates, three h a nmvglariafed area nf about u'An square miles which 
lies several huiiitrrd milcv north nf flur southern limit of the ice sheets 
(sec Fig, 331J). This is called a 'Mriftlcss area/' hrcauuc nr the utter 
abseno: of ghtcial debris or any other evidence or glaciation within its 
boundary. In spite ut several ice invasions on all ssden* this *mull area 
was never ice covered. Residual soils and rotten rock are widespread 1 
there are 00 lakes * and the tiiranu an mostly graded and without 
waterfalls or rapids* Tim small region, there fore, give* m excellent 
idea of the kind or topography which thr wfmlr upper MiASiSsippi V Mty 
would have shown had it nut been for the gfochtimt, At tarsi- time did 
tlir Labradorean tee sheet spread far enough w-cstwiird. nr the Ranvatin 
shrrt Far enough eastward, to cover this di'iftlrss area. The highland 
district just south of Lake Superior doubtless served to deflect and 
weaken the flow nf thr Labiwtorml ice which otherwise might have 
spread far enough to have .merrd the driftlr^ mm* 

A much smaller ifriftlcss area has more recently been discovered 
along the Mississippi River m Missouri* It is mi difficult to under- 
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stand why such nn are,* so d&sc tn the southern iimir *>i glaciation r*- 
capnl all advances oi rhc ilt shifts. 

The probable explanation 0 ! the extensive Jnftlcs* areas tn Alaska 
is flint, In spite of thr: low temperature- winch must havt prevailed,, 
thcic was inituffidrnt rinuiv For coiw-crww* iulu gLaciaJ ice. 


Ice Ebosiov 

In former years a very Etear erosive power was ascribed to ll owing 
tee, hut t(hla> some gladfaluti consider ice erosion to W d racist mgHgible, 
while many others maintain thin, under Favorable ™sdi?nm& r tlmniijs fee 
m3} produce very notable erosive effects During thr long pir Glacial 
rune, rock dccGtnporitkpn inu-t have prcigrtsscd so tar that rotten rodt; 
including sods. had accumulated m considerable drpdis, today in the 
southern stares. Such sods arc colled "residual/' because they arc de¬ 
rived by the decomposition of the very cocks on which they rest. TJut 
now une rafelv wrs rotten rock nr mil in Itsoriginal position well within 
the glaciated arm. because such materials were nearly nil vomred off by 
the passage of the pent icr sheet. mixed with other soiU and ground up 
nick fragments, and deposited elsewhere- Such are called transported 
soils. Along thr southern side of the gfacfattid area, where thr erosive 
powe r o| ibv ilc was least, rottm rock i> more cam mom Ice, shod with 
hard m:k fragment* and flawing through a deep, comparatively narrow 
valley or soft rock, fa imperially powrrud as an erosive agent, because 
iht fools art supplied, the work tn be done is easy, anil fhe inerr^rd 
depth ot the ice where crowded into a decp T narrow valley causes 
greater pressure on die bottom and side* of the- channel. .Many nf the 
valleys of northern New York were thus favorably situated feu ice ero¬ 
sion, as, for example, the Champ tain, St. Lawrence. Black Rivrr T Finger 
Late valleys. Lvrti in place* so favorably situated is those just men- 
tionn! til rue k tier teasriit to hdiev-r that ice cm* inn did an} mure than ro 
modify file profiles nr the prt-GIa-:ial v alleys. 

It is also a angular fact rhnt glacial deposits Icfr by erne ice sheet 
tnav actually have been overridden by a later advance of ice with little 
rrosiufs of even such soft material. Thb probably happened only near 
the margin, where the ice was rather thin and liciucv did mt have much 
erosive power, 

In conclusion we may my that while many comparatively *nmlL 
bed features were produced hj icc-shcct ctqsiqo, the major topographic 
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Iznttties of the great eljiriatvd ureas weir practically unaffected by the 
nbrarivr Hi rets of the paring h'r *|i£cfs. 

Local mountain glaciers oftrri produced notable effect' in canyons 
beyond the limits of the great ice sheets, changing their profiles from 



Fie. jxi, Sketch** thawing hem the Vn^miiK Valley California, return ap- 
pfiftJ just taJtiire and after gEotlatipra, A dttp Hit Jtirrul nuiiui], iviih * 
coFiipicuuup inner jsuFgy. wai changed mro a profound I'-abAped trough by 
gtarial tutfeku*. Like V M-rolle ha* iim ? tnr«-n filled w£di wilimrtTt. ££> El 
Capiian; )’C YoseiiLiit Creek: A r £J. Nmih Dome: ///;. ILili Dinisr’ <> a Ola- 
rier PHlir; t,H, Cathedra] ifriclv; t£i\ firiilatvEi-l tree*- and <1/1?,, Merced 

Rivrt [After F- £- Mairhet. L- SI Cpdrtfiiral Surviei.) 

V-djupr to U-shape. There arc mam excellent examples in Glacier 
National Park T Rocky Mountain National Park, and in the Casta dt* 
Sienra Nevada Mountains. An exceptionally line case in point is Yu- 
si-nute Valley, California I Tig, J42 ) r 


Ice Deposits 

The vast amount of debris transported fey a great ice sheet was 
carried cither on its surface* Itozcn vvitlim it, or pushed along beneath 
it. It was heterogiwaui nuurial ringing from fhr finrsi day, rhrnngh 
sand and £ravd, to boddrrs of many tons' weight. Hie deposition ni 
these materials took place during both the advance and retreat of the 
tcc\ hut thiefiji during it? retreat. Most of the depasirs made during 
the last tee advance iverr *3h I iterated by icc eras tun. while those formed 
at the time of the retreat have hern left intact except for the small 
amount of post Glacial ei union and weathering, The term "drift," 
applied To all deposits of glacial origin. Was given at a time when they 
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were regardnI a* flood or iceberg depcait*. Drift covers; practically all 
of die gl debit'd Tcpuji except where l;utre mck t\ actually c spitted. ami 
\H thickness b very variable, ranging from nothing to same hundreds of 
feet. 

The various kinds o! glacial deposit* and their origin are discussed 
in Chapter VIII. Parr I. of "’Elements of Geology. " 

The Loess Deposits 

Loess deposits are widespread over tsudt of the region from eastern 
Nebraska across Iowa* Illinois, and Indiana. Its distribution is rather 
largely independent of topography- Typically it b a soft, bufl to ycl- 
lowish-browill very linr grained, sandy cloy which seldom shows signs of 
Gratification. It* Thickness usually varies hum iu to 100 feet, V\ here 
eroded or cut into, the lures exhibits a remarkable tendency to stand in 
perpendicular cliff*. nxmecimes with suggestions of .1 sort of columnar 
structure. Fur ibis reason it was uiilc known as the Bluff formation. 
Most of it is now known as idle PeorifliT loess. Ir is remarkably free 
from coarse materials, except for certain carbonate of lime and. oxide of 
iron concretions and fossils, the latter being chiefly shells qf laud gas¬ 
tropods. Most of The loess was deported during an early Wbeunan 
sabotage, heriiusc ir rcstv upon thr erudrd and weathered surfaces of 
older glacial deposits, including those of the Iowan sub-stage, and often 
passe* under brer Wisconsin deposits (Fig, _h 0 . 

The question as to whether the loess was of aqueous or col ian origin 
lias long been discussed. “lit part the loess seems to have been washed 
from glacial waste a mi spread in sluggish glacial waters, ami in part to 
have hern distributed by the wind from plains or aggrading glacial 
streams" f\V r H. Norton}. 

Great Lakes History 

The Great Lakes terrain!v did not exist before the 1 st Age During 
the very long erosion period Irani tilt PaJeoEflie to the Ceri-i/uic. tin 
bkrs of any rttpequenct could have pminted. Compared with such an 
immense length of time fairs are. at nuttt. only ephemeral features of 
the earth"* surface because they are soon destroyed either hy being filled 
with sediments, nr by having their outlets cut down. or both. Since the 
Great Lakes are of post-Glacial origin it is. then, u roper to ask how they 
came into existence. During preGhdal time broad volley* were cut out 
along belts of weak rock in the Great Lakvi region, and the 1 * old 
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vallm. to .1 considerable rstteru <n Irani , account for the present depres- 
sions, but not tor the doted kke basins. This idea of preTJIadal stream 
valleys is not sr all opposed by the tatt that some of the take bottoms 
arr now Well below sea level, because there has been notable subside nee 
of the region since pre-Gkciul time. Strong arguments might be adduced 
to show that hi' ice erosion portions, at least, of all the Jake basid> were 
appreciah! y deepened. Evert w, however, we have not yet accounted 
fur the present closed hasinv. Deep drift deposits must certainly have 
been very effective in damming tip the south or southwest-flowing pre- 



r,i; Fi^r stage in rhr bistort of the Gfrar late*. Nefr the small ice-front 
1 ^sumtr and Chicago). lAfitr l. $, Orologk.il Survey.) 


Glacial streams of the region because J great dumping grwuryl tif icc- 
transjxirted materials from the north was in general along the southern 
side of the Lak« anil southward. Late to the lee Age the land on the 
northern side of thr Great Lakes region was lower than it is today, as 
proved hj the tilted character ni certain well-known beaches of extinct 
lakes (see hclorw). Such 11 differential tilting or warping of die land 
must pvc helped to ionn the closed basins bv tending to stop die south¬ 
ward or south westward drainage from the region. 

We shall now trace out die principal stages in the history of the 
Great Lake* region during the final retreat of the zrrat ice sheet. 
When the ice from hud receded tar enough northward to uncover the 
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southern nsd of Lake Midlist], :1ml an area west ur the present eul 
ut l.jske Erie, mini! Likes w*rr formed airatiist the ice wall- (i*e Ftg. 
343). The hr&l of slu^r tux* been culled J«lkc Chicago. which drained 
past Chicago through the Illinois River and ukI" tlir Mississippi; and the 
second. Lake Mjuimcc, which drained south ms^wird past F« >-rt Wayne 
through the Wabash River and thence into the Ohio mtd Mississippi. 

At -i late j the conditions hSloivii on map- Fn^rc J44 existed. 

Lake Chicago wm* then larger, a tut Luke Maumee hud expanded in to 
the extensive Lake Whittle**!, which covered nearly #\\ ni ihr of 
Luke Erie as well as some of the fOrroumHing country. Lake Whittlesey 
was at a lower level than the former Maumee, and the outlet past Fort 



Fit,. J44. l.nkr WMttltHy nf the tjtral Lake* Hinnry. when itn *!«sJfrn 

inti vmPfrn iff-mifgm lakci mmhtiictl uiih outlit paw ChicaerK 1 After 
Ta>!or an A Lcrerotn redrawn by W. J. MJ 

Way lie re.Twh In the drainage rrmn Whittlesey was westward b) i 
large river ilmying thmngh small Lake Saginaw and into Lake Chicago, 
which later stili emptied rhrnisjsh the Illinois River, 

At & constiiembly Inter stage three hrge, ice-border taka—Duluth, 
Chicago, and Lundy—exlstrij as shown by map. Figure ,145. Each had 
a separate cnitJetp (he first two draining into ihr Mlsd&rippr, ami the last 
through ihe Mohawk and Huil-sari valleys of Sew York into the 
Atlantic Ocean. 

With a jitill greater retreat of the ice shet t came the Algonquin-Iro¬ 
quois sragt as shm™ by map. Figure 346- Lake Iraqunis covered 
somrwhiit more than the present h tea of t^ikc Ontario, anj the dis- 
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riracify lowtr water l*vel here ilmu in the Erie Efciu'n allowed the mod err 
Niagara Rii.?r I® begin its lliitqry by finding northward mtr The lime- 
stone plain near Buffalo, Meantime the water* of the dipper like basins 
ha [3 merged to form Etkc Algonquin, which nt tinsi probably drs- 



way -fit' Niagara River. Later, however, when tht irr hail withdrawn 
3 little farther northward, it lower outlet un* formed through the 
Trent River by which Late Algonquin drained into Late frmjimri. 
During the AJ gun gum-Iroquois stage ihr wale n nt all the Great Lakes 



Ficl The Al^nquiEidrctju^^ *ragc af she Great Ldf^ ^ith *pei(Ui thmugh 

ttir MnbswStiiudwin trall^ji of New Vffrit. (Alirr Taylor, cnurieiy of t!ie 
Viift State MuHiim.) 

region l discharged through the Mohawk-Hudsan valleys, ami the volume 
of water which Unwed through ihc Mohawk Valley must have been as 
great as, if not greater til an, char which now gory over Niagara b'alh. 
During this rime rhe St, Lawrence Valley was still buried under kx. 

FiiiulL fbr tee withdrew far enough to tree the St. Lawrence Valley 
when the waters of rhr Great Lake* region dropped to n sri!l tower level, 
bringing abour tfse Nipissing Great Lakes stage (w T ; ig x 34*). The 
Niptsslng Lak» found a low outlet through chi- Ottawa River (then 
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free uom ice) and inf*? fht? Champlain arm of tTsr wa, P*jst-{ Haem! 
Warping ol the land brought the Great Lakes rrginii mm iht presmr 
condition. 

Other Extmsc Lakes Tutu* Origin 

Counting all, from the smelliest ter tlir hirgi-u, there are within the 
glaciated area of North America tens of thousandi of lakes unJ fhesc 
constitute one of the most striking differences hrrwrm the: geography of 
(hr present and that ni pre-GIariid time. Tllt^e lakes are widely scat¬ 
tered, though in the United State* tliev uu- mnsr abundant m tlir irgimis 
of greater leUcL such 4^ Maine, Sew Hampshire New York ami 
Minnesota. biu-aiiM? lakr hasm* were rmit r rrdilv formed by drift dams 
across the deeper pre-GlaciaJ valleys of those regions. 

It h welt known ihar most nr rhe larger hikes, especially those nl rhe 
linear type. -occupy port ton* of prc< Uncial stream channels. All Lhc 
existing lakes arc due T either directly or indirectly, to glacial action, 
Aancmg tlir way* hy which inch bodies of water may hr formed are 
these: Cl ) by building dams of glacial drift across old river channels; 
(2 I by ice erosion: and (3) by KKttntiiktinn of water in the numerous 
depressions which were formrd by irregular deposition ot rhe drift 
(kcttfo-holes. etc, K Hundreds of small lakes, often not more than 
mer r pools in size, belong tn fisc last named type, while vrry man y or 
the Lirge and *MinH lakes are due ehtcfh to lire uu-rmcc of drift dams 
Certain tak*s in Hiiithrtftrrn Camilla nrul eUcwhere appear to occupy 
rock basins scoured out hy itc cfosiun. 

Extinct Glaciai* Lakes 

The beds of thousands of extinct facial lakes att bm to he scat- 
lered over the glaciated area, Some of these rxhftd only during the 
time of the ire ret rear, while othrrs persivted for a greater or loser 
length of time- after the Ice \ge.. L.iki* M miner, Iroijunb, etc,, already 
described,. were hue esamples of the first tj pe. North-slnping valleys 
were particularly favorable lor die development of glacial lakes, during 
the ret 1 fur of she ire. because the ice front always acted as ,l darn across 
such viillns, thu 4 causing (he waters to become ponded. Among the 
best criteria for the recognition of these extinct glarial lake? are tvpi- 
L-al, lint-topped, delta deposits formed by inflowing streamy and distinct 
beaches. 
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A fin r example 01 .1 very lirgr gfacal I nit in die interior at North 
America > ami now feprwntd on!\ by rrnmams (c.#. Lake WitinifpegL 
has been callt-J Lake Agassi* in honor of the discoverer of the fact of 
ihr Quaternary let Age* This hike. fully 7-«< miles twig urn! several 
hundred mite* wide, cvfrndrd over tile whole valley of rhe Red River 
of the Nnrth in \nrth f)aknta anil Minnesota, and northward over 
much tit Vlimito&p&t It covered a brger artr* than the comb:tied Great 
Lake*. Its water w*1 Field up by rise united fronts of flu- Keewarii! 
and Labradorean jVc sheet* as they retreated northward. Its outlet was 
southward through the Minnesota and Missisdpffi rivers until the in? 
melted hack (northward) far enough u> open the nutlet hv way ni 
Nebon River to Hudson Ray, when rite great body ot water was 
raprdfy lowered, leaving only the present-day remnants, principally Lake 
Winnipeg. The soil ai this smooth old lake bed Es wonderfully rich. 


Hmjnaci CirAxcis Dj/e to Glaciation 

In adrift inn to its lako*. rhe glaciated area is also characterised by 
numerous gorges and waterfalls, which are largely due to ghriation. 
As a result nr the very longtime of prrdflucial ernston, it is certim that 
typical, steepen ted, narrow gorged, as well :ls waterfall*, mufti havr been 
very uncommon if pn^enc at all. Like lafcrv ^iivh feature mr ephem¬ 
eral. because, under mir condition* of climate, gorges soon ■ geologi¬ 
cally ) widen nt the lop, and waterfalls disappear by rvtrrat nr by wear¬ 
ing away the hard rock which causes them. 

Changes of strata courses are also numerous in many parts of die 
glaciated territory. It k the pet-sent purpose to describe tmly a few 
typical, well-studied cases of *ucb stmtm changes. Even such large 
river* as thr Missouri and the Columbia wemofUetttDr^ notably shifter! 
nut -ir their pin Ghrijil channels h\ rhr invasion cpI rht- ice sheets, Thus, 
the Missouri River which formerly followed whir is now the James 
River Valley in eastern South Dakota, was forced mam miles westward 
to it* present course acre*® rhe smte- The Cordillrran gl^it r filled 1 
portion of 1 hi valley uf thr: Odumhia River in central Washington, 
forcing the mighty river mfwird to find a new course fur many miles, 
where it rrndtd a viuiyim called the Gram! Coulee. On the mrJcing of 
the ice. the river returned to its former valley. 

The world-famous Niagara Falls and gorge are wholly post-glacial 
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fi! origin* After plunging ifr? fm m Thr falk, the river midtet far 7 
mik-i through tlif ipugc* whose depth ist bmvmi and j™ feet. 

Whrn the gUrial wsjfff in the 
eastern Gtfeal Ui« region had 
dropped to iht tmi|uois level, tlie 
Niagara limestone terrace in the 
vicinity of Ruff ah and with *terp 
^arpment nr northern front at 
nviston ami Qu Wigtown* censed 
be covered with lake water, and 
the Niagara River came Into ex¬ 
istence hi flowing northward mxr 
tltti him^itorir plain. Tin: river 
first plunged over the escarpment 
at Lewiston, thus inaugurating rbe 
fall* there. Since that rime the 
faKU have receded the 7 md& up¬ 
stream to their present poritfafL 
Soli shales underlie the layer oi 
harder Nragaiii IJikir^tone, nnd the 
recnaiem of the falk ho* dearly 
hern caused by the breakup oif of 
blocks cit I milestone due io unrJer- 
«ttnm£ of the soft shales. A 
glaiicr at the map iVig. 34K) will 
dune that 1 Fie gorge development 
is really faking place on the Jlunse- 
shoe halls ^ide, where the votunic 
nt water is much greater, and that 
in a short turn, geologically con- 
sidered, the American Falls will be 
dry, 


Flu. | 4 Bj Sketch map of fhr S‘t 4 Hara 

Kivcr i M 1 : 1 ,!ifi 1 !e! uflrr £jLU 

herL frwn Nunon't “ElHDVRll fir 

Gr-dugi,"' by ^rnjii«i&n nf Ginii and 
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nirln'i^ of thr Antamic gbuirrj, 


now cm mug about 5.0f*\ina square tnil«, would cause tht Jcvrl of 
ilu- i*A to mr fully IW fwf. Wlien tlir tjrratcst Pichtoanc phciVrs 
wiitrd, anil covered about UM'O0/**> square milts, they represented 
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rnotigh water tcnl p 0rariJ , refDt|Vrii from tb(r ^ IQ lowfr . | . 

pf or rnorc. At stick time* the shoreline* of the world wwt fatfe,. out 

,! J " ( 7"'; C,, n jbl ‘' P;I "' nf T,lr pn ^ ,|t ^nmiental slul, tlrra * tftFI1 
U " B fa .' U - C N ' e rhcsca level stood Jt a Ss mf , H 

5 »S§^ * Etr - * M$£SB& 

Dl kATJON OF T1IE GLACIAL EhxH 

Adding ro Cfcaniberlifl and Salary, the llwsr j mjl0rtefU trftrria 
cs^miiuj t* dutMton nf rite Glacial epoch induce; "(i) t h e 
amount <j\ erosion of the drift; <z) r | iC depth ol leadung, ivetthttintr 
* ^ipawfc- ->f its raatmds; <3) the amount ot vejLtble 

dairtT' 3 "Tn 111 ^ <4,1 thtcI “ **«» fruited by inter- 

*?* Ho ™ “ d ( 5 ) the times needful for the 

"S fl "?' r>;irrifl|la,l >‘ cc|ta ' n plants whose means 

*" B 0 ^ ' Wy ’ "’ C titW «WW for advance, an ! 

retr«« of the u* ; and «me other*." A few ot these, as the Srw Xe 
subject to Jeer measurement hut most of them ** ^ oi 

Z Jt ' l ' TT ot d,inti<m of thr GlMid *** ™* *■£ 

(ci J r 0iXJ I cx*3 years or more. 

Length of Time Sssce the Glaciae Epoch 

^limits of the length of time since the dose of the Ice Age art - Wr 

££ 2 ^”?***+ ! T mial b that £ duse nf 

... lr , Ae ^ f 7 ««»t the NHnr for all pkrre. Tl.r ice retreated north 

1 sW, i ind when ’ fof sample, wirthren Nov York was free 

tAMr. Nttt ; Y ° rk ^ '**"*•' * *»* «f»«er. The 
E*st estimates m the length of time since the close of rf, p i tt Aflp 4f( . 

^d ypon the rate of rtuaimx of Niagara Falls. We have learned 

t Eric f!l T *T T k Thc tinW ,hc in 

ni> , r t T to irwiuak wj -«* ^ ^ fkih 

* ; iTll^ tf,C P ^ M c ° f tht nW t,vrr ff,t iimatow «- 

? rpn * w af “J^II -rruat snrrevs. drawings 

— lP T‘ P ttC - m:ldr N ' rw ^ Hit veats and 

1905, have shown dot the JiomsJwe Fall had romled abt^t s feet 1 
year wf.de the An.er.cnn Fall, between rS 37 and had reeled 

fit j ijilIih a year. Thus the Korgt cutting is clearly .j,™ 

on the Canadian side. Tlir ttngih nf tile gorge is 7 mites, and if we 
tomider the rate ur recession ,0 have been always t feet a V ear the 
length nt time necessary t« cut the fiurge would lir^mething over 7000 
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ynn. But the problem is nut so simple, since wr know that at the time 
of, or shortly after, the beginning of the river, the upper Ink** drained 
out Through the Trent River, ami then still later through the (Ottawa 
River. So ir is evident that, tor ;i good part of the rime since tlir in 
retreated from the Niagara region, the volume of water passing over 
the falls was itotahlv diminished. ami hence the lengrli of time for the 
gorge nutting increased. The best estimates for die length nt time since 
the ice retreated from the Niagara regiatl vary from 10,000 to 40,000 
years, an average brine about 20,< ■ * ■ years. In a similar way, tin tune 
based upon the recession, or M. Anthony i Falls, Miiinoota, ranges from 
about 10,000 to 1 tux*) years. While closer estimate;, are practically 
impossible, it is at least certain that thr tune since the Ice Age tt far less 
than its duration, and that, for the region of the northern United States, 
the final ice retreat occurred only a very short (geological) time ago 
When we consider the Tight amount of weathering and erosion ni 
the latest glacial drift we are alaq forced to conclude that the tittle 
since the close of the let Age in the United States is to be measured by 
only some thousands of years. Thus tunes, dTomlins, extinct lake 
deltas, and moraines with their kettle holes, have generally been very 
little affected b> erosion since their formation. 


Time Since the Climax of the Last Ice Sheet 

A way to determine the number of years since the last i Wisconsin) 
ice sheet Tracked its climax Is to find oat how long it took the glacier to 
recede from its southernmost limit to Niagara Falls, or about 600 miles, 
and add this figure to the age of the falb. 

A fait idea of the rate of recession of the last ice sheet may he gained 
by counting and correlating the layers of clay which were deposited in 
lakes in front of the retreating edge of the glacier, Each layer, con¬ 
sisting of a darker ami a lighter hand, i$ called a ww. Each carve 
represents the material laid down in out year, the lighter, coarser |K>r- 
tino during the summer, ami the darker, finer grained portion (colored 
with organic matter) during the winter. By the use of this method. 
I)c (iter found that thr Inst ice died in Europe retreated a distance of 
270 milts to the northwest of Stockholm in (ixo yean, or at the rate 
of 2$t feet per year. Anrevs, using the same method, concluded that 
the last glacier receded a distance of I By miles in western New England 
in 4 ICO yean, or at the rate of 240 feet per year. If, therefore, we pot 
the rate of retreat at about ifio feet per year, it took the Wisconsin kc 
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sh«t somewhat mnrr than c j£ F 4 - ^ ■ years to retreat from it* southernmost 
limit m \ uigaJM J' alls*. Combining this figure with the average esti¬ 
mate of 20£xr> years (or the age nt Niagara, wc gri at least a rough 
approximation m the time smcc the last (ur Wisconsin) glacier re airbed 
its climax uf about 3£ w ckkj years ago, 

Cal-sf of the Glaciation 

The cause irf thr glaciation bits been a very perplexing problem. 
Various hypotheses, oifen of widely different character. have been of¬ 
fered by way of explanation, hut there ts nothing likr general agreement 
on the subject. We have here a fine illustration of ihr difference be¬ 
tween "fact' 1 and ’’hy pa thesis'" which rite smdrnt nf natural science 
must always keep dearly in mind. Thus, the fact of the Gtadal epoch 
{including much of its history) is conclusive!} established, but the cause 
of the glaciation is a matter concerning which we have only hypotheses 
or specuLinons* 

In this elementary work we can Jo no more than suggest vveril of 
the leading; hypodlttea. One point to he bt?roe in mind is that no 
hypothesis u required to account for an average yearly temperature 
of mart than li> or jwribl) 12 degjm lower than at present over 
the glaciated area in order to have brought on the Ice Age, Another 
pi in I is that horh sufficient snowfall and low temperature wr.rr necessary. 

A Geologic (Elevation) Hypo thesis. As we have airrads pointed 
out, the evidence* chiefly from the submerged river channel-) along rhe 
Atlantic Coast, dearly indicate grater altitude of northeastern North 
America hie in the Tertiary and probably also in the early Quaternary, 
An altitude several thousand ten greater than now has been claimed 
for this region. Since ir ts well known that the temperature become* 
lower with increasing altitude (one degree for about joo feet), it has 
been argued thai the greater altitude uf the glaciated Jtra was in Itself 
sufficient cause far the glacial inn. ^Northern drvafjon produced fee* 
accumulation^ ite-itecuinuLtiofi by weight produced subsidence; suhsi* 
deuce produced moderation of tmiporat l 1 1 1 and melting of ice; and rha h. 
la^t by lightening of load produced re-elevation" [). Conte). It is 
nut necessary to a^uiiie that maximum elevation Lind icr-accuiitulatiau 
were coincident, because an effect often kgs behind it* cause. This 
northern elevation also is believed to have oifficienfh uprated the north¬ 
ern ocean hnrim to cut off warm currents, like the Gulf Stream, thereby 
depriving the northern Limb of such warming influenced 


4U 


QUATERNARY ICE AGE 


It hits hrdi urgnl again?! this hypothesis rli.it ilra-fr h rid positive 
tvidcltM tor marly as much as several tWi£nrHl fret Of elevation of the 
glaciated region; that it ut not at all proved th.ti the northern devutfatt 
occurred at the proper time to product- glzirntton; and fhut thr only 
way and inrergbrial stage* could hr accounted for would he by 

the unreasimaWc assumption of repealed rlcvatiun and iubwdruce corre¬ 
sponding to each advance and rmea.ru i the ice. 

Chamberlin's Atmospheric Hypothesis, Among the atmospheric 
hypotheses, rhe one which Chamberlin ha* put into its best form b| is 
basted chiefly on a postulated variation in the constituents 0/ the 4t- 
Oiosphnv. espcd.iJIi in the amount 01 carbon dioxide and writer- Hath 
dnsp chmcftt* have high capacities (or .itaurbang licit; ami arc 

being cximtamly supplied and constantly cortsumreL . * F The grear 
elevation of flu; l.irirl ;if rbr close or thr T ertiary seems to nttonJ condi¬ 
tions favorable both for the consumption of carbon dioxide in large 
quantities. and for the reduction of the water content of the air. De¬ 
pletion of these heat-absorbing elements wn> equivalent to the thinning 
of the thermal blanket which they constate- if ir was thinned, the 
temperature wu reduced* and tfm would further decrease the amount 
of wafer vapor held in the air. The effect would thus be cumulative* 
The deration and extension of rhe land would also produce its own 
effects on thr prevailing winds and m other ways, so that some of the 
features of the hypsometric f elevation! hypothesis form .1 purr ofc this 
hypothesis, . , . Ik variation* in the cniistunpribn of carbon d frigid fj 
i^peciidh in its absorption ami escape imm the ocean, thr hypothesis 
attempts fn explain thr periodicity of glaciation. Localisation (of 
glaaifbn) is attributed to the two great of permanent low- 

pressure in proximity to which ihti ice sheets developed* 1 * J 

Huntington's Sunspot Hypothesis- It seems to be a well-estab¬ 
lished hict that the temperature o i the air near thr earths surface is 
lower at times ui umiSLui] sunspot activity- The intensity of iW* 
lira! aiming to the earth fr. known to vary as much a* 1 to 5 per cent 
during short periods, ranging from .1 few day? to a few weeks. Hunt¬ 
ington has suggested that the several real glacial epochs nt known geo¬ 
logical risne may have occurred during periods of exceptionally great 
and lori£ sunspot activity probably in combination with other factors. 
During such .i cycle of very intent solar uutivity r not only would ihr 
earth'* wind* hr ttror^cf and. hence icmilutt more heat upward from 
die earth's, surface f bur al^ these itroiigrr wind* would! cause the great 
1 Chamberlin mid Salisbury: CWfjjr Gtfihgv* pp. 3VS— ft***}. 
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eastward moving storm areas [or cyclonic storm*) to travel further 
north than tiles .In at present in both North America and Europe. The 
lowering i»f the temperature and the increase in amutfpfonc moisrure, 
rwulting fmm the ct uni it inns just nn - ti tinned, tvimld explain the gather* 
ing of the great Pleistocene gfaclco. 

Volcanic Dust Hypothesis. Strange as it semis volcanic activity 
may be a contributing can* of fflarhtiun, Volcanic dust frnnt a great 
exphmon is known to remain suspended in the atmosphere for many 
months. Dust in the atmosphere Inverts the tetpperahirc nj rh* earth's 
surfart by keeping some of the sun's heat from reaching the earth. 
During a period of great activity of numerous volcanoes, the earth's 
surface temperature may be distinct])' lowered, and it is per Imps signify, 
cant that there was widespread, vigorous volcanic activity during the 
Pleistocene Ice Age, 

Conclusion, la conclusion we may *ay that, as- is mir of so many 
other great natural phenomena, no nnr hypothesis or explanation is 
sufficient to account for all Hie features of glacial epochs. Probably 
several or all. nr at least parts of several or ail. of tint above hypotheses 
must he properly combined in order to explain the phenomena of ghda- 
tion, and hence it is more readily understood why great glacial p pod is 
have not been more common throughout Hie history ui the earth. 


CHAPTER XXV 


CENOZOIC LIFE 

Plants 

Vegetation had assumed a rather distinctly modern aspect well be- 
fare the opening u i the Cenozoai: cra T the threat revolution fmtu ancient 
to modern types Navi ns taken place about the middle of the Mesozoic 
era. During the CcnnsMitr, burner. tlinr was notable prngr+-s* toward 
even more mndern conditions, so That man) pen era became the same ns 
now and gradually more and mure present-day spears were introduced. 



Pin. 349. DUtofm 1 mm 4iiiitrpmite el Miocene ugf ju L™pat p Cshforniiu Very 
mur I- tc^ju^rdr (Alter California Si4ic Mining Burejuj 

Among the simple*! or Klngle-cdled plants the tliutvuii deserve 
special mention- In certain itmrs md plarcs they swarmed in thr Ter¬ 
tiary- waters. '“The microscopic plants which form siliceous shells, 
called diatom?, make extensive deposits in some places f Fig. *40 L One 
stratum near Richmond, Virginia, i* jo feet thick mu] is tinny mili^ 
in extent; .mu r her, near Moneerey. California, is 50 jeer tluvk. and the 
material 1 $ a? white and fine a* dii.dk, which it resembles in appearance ■ 
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smother, near Rilm in Bohemia, b 14 feet thick * * . EJirnibcr^ has 
taloilaieil that a cubic mcb ol the fine earthy rock contains about fortv- 
ude rlimmdil mijiioju, or organisms. bVch accumulation:! or diatoms. 
Rallied diitorhftejp art nuidc both in irtsh w r atm arid salt, lleliE In 


those of the ocean nr all depths/ - 3 


During file earlier F errian-, as wc have learned* the climate of 
Europe aEid rhr northern United Stafis wtk* ic^rm ieio|M-rate to evert 
i-ubtropiejJ and there fluu railed such ttett as flaimt, luurrU, wks M wU* 



1 |iX >**■ T,lu rrtnfied tre^ Uurnfi* in uprtahf with wx* in place Vhr 

rwhi nutcinp in the a wV (ground show* ilie nature of iht videonic Irmgmrwml 

murrUI tt] i\hirh The frt*i %% m burird. Specimen Kidgr. Yrlhynsmue No- 

[ieisaE Park. (After F„ H , KlJtH*Itiili, \l r S« Gttlluftit nl Surfer.} 

Uilj. ( Aj n»uU, etc,. with the addition of tnufttoliai. fat. poplars, ferns, 
ftc., in the western interior of the United States and southern Canada! 
A* far north iu Greenland and Spitzbergrn, there went lores ts with 
nuiplet, f amphor tr ret, fas, fourth, eypresses, pop fort, and sequoias. 
7 *he seqnujas, which are of special interest, Ix^im in the Late Jurassic; 
attained their culmination in numbers anil species in the Tertian'; 
and are now represent rd by only two species,—the siKallrd ♦‘big 
trees" and the redwoods,—which are almost wholly confined to 
1 J. t>. Dans: Text-bouk af Gfotopj, Jli eiL. pp. 
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California. During tltr Tertiary they ranged from Greenland on the 
north tn New Zealand on tlir suuih, often in sre-.il forests, 

Marty of the present-day forest plants of Central America and 
northern South Amenta, particularly in thr ’‘rain fnrest" of the Vettr 
zuclafi Andes, greatly resemble those which lived in wcstrrn Vnrtli 
America during Early and \1 it!dir Tertiary rimes. As the CcMnoit 
climate gradually became tioder and drier, these plants were driven 
southward into warmer and twister regions iti order to survive. For 
sudi a reason, the palms, figs, and magnolias disappeared from the 
western interior of Xurth America, and the paints fm-iTi l.urope. 

Fine examples of Tertiary (Miocene) wanner dimale trees, incJud* 
jiijr svcanvorcs, laurels, oaks, pines, and sequoias, art remirkahH pre¬ 
served in petrified form in Yellowstone National Park ! I"i£- 35 f *^ ^ 

dozen or more so-called ''petrified forests'* occur there at different 
horizons through a du’etneM t.f about 2000 feet of nearly horizontal 
ttt-ds rit fragmental volcanic rocks. Parts of many petrified tree-trunks. 
With loots in place, ate still in upright position where they grew. These 
arr veil milts of successive forests which were killed and buried hy shower* 
of eruptive fragments, then petrified, and since partly exposed by erosion. 

In the Tertiary both ynusn and crrnih became abundant and rhey 
must have had an important influent: in the development of die principal 
groups of herbivorous mammals. 

Animals 

Since tbr Tertiary invertebrates were in nearly every way so similar 
to those of today, we shall give special attention m only 3 few features 
of interest. 

Among protoioawfi the fommimftrs were exceedingly .ibutnbnt and 
often remarkable for their great size. Of these the Nemmulittt, so- 
called because coin-shaped, form great limestone deposit, it* tlw Old 
World Eocene. ITiry attained a diameter as great a? half an inch to 
an inch, 

Potifers, cctlentcrates, echinoderms, add molluscoids were almost 
wholly modem in character, with trmoid* and bradiiopods both rare. 

Among mol lush 5 both peltcypod* i Fig, 351 ), and $attn>pt>Ai were 
exceedingly common, perhaps more so than ever before, and of very 
modem aspect ( Fig. 352). Oytttn appear to have reached their niiml- 
nation i« size at least, some hiving grown to a length of ten to twenty 
incites and a width of six or eight inches ( Fig. 35 O. Pelecypod* are 
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important Tertiary liomnn niarferrs < I’sjr. 35a), Grpfutfapailt, as wr 
have Wntd, diminished remarkably .if the close of tit* Cretaceous, 'be 
great groujw of the ammonitet and btiemmtrt having do appeared, while 
the n/iutiioiih te.jj. Nautilus! were more diversified ami wide-spread 
than now. Tilt dibmnrh* were of rtir modern squid and cuttle-fish 

Among arthropods all thr principal groups except the simplest ( e.g. 
trilobitcs and eurypTends) were represented, the criiis ami nig the i mi- 


tartant having become numerous and varied. Inttets are known in 
far greater numbers and variety than front am preceding period. AH 
the important groin** ’> r orders were represented, including the highest, 
such as moths, butterllies, berries, bees. and ants. The prolific vege¬ 
tation of the period was of course very favorable for insect development. 

In a single Minornr stratum a few fret thick at Ocningen, nrar the 
Swiss border, more than #■> species of insects have been found. 

Another remarkable occurrence of fossil insects is in the aniber of 
northern Germany, especially on the shores of the Baltic Sea. where 
fully anno specie* have been obtained. 'Hie amber is a fossil resin of 
early OlipttlK age derived from certain conifers, The insects were 
caught in the resin while it was still soft and sticky and they have been 


Flf^. i-argr «v*rer ?h*lk Ottt+a 

i ,\fter L, vv, Stcphcn-von, G*al. 
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perfectly preserved in outlim forms (as molds) to rhe profit day in 
the often quite transparent amber. 

At Florissant, Colorado, certain fresh water shales of Miocene age 
axe said to be black with die remains o i insects. Over 2000 species- are 


Fro, 35a- Pacific Court Tertiary index-taoU mfdluifct. r, a Miotrnr ^itrrojwd, 
TurriittU tmbhrfiuii (Wifdf.r) ; J, 4a Plibccw prietypod. ,-tnad#w iriimr - 
4 ta, variety calc* re* [ Grant amt Clair ■ ; y, jn Eocenr gHutnopodj fVJA- 

forumm** (Conrad); 4 , ** tdiipxrfle prieejpod, PiW dm 
l\\Wr). All X ”1- f HtKKO- by c. I->. Rcdrannd) 


jmrtsentcA as well as various plants, fishes, and even a bird with well- 
preserved icatbet*. 

Fishes, Thcs* were In much like those of the later Mtso- 

aoic H though even more modern in aspect. TtUtut* (Fit 3^_U pre¬ 
dominated. but thttrfo were abundant ami of gnat sire—to 8t> frrt 
long—with fossil teeth up to % or 6 inches Jung occurring in immrmr 
numbers in some places as f far example, the Gulf Coastal Plain of tk 
United States. 
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Amphibia ns, Alter their grtac development Its the late Paleozoic, 
the amphibia1i* never again assumed fluid) iiii|HirUfrcc. In Hw Ceiw- 
zoic they u L Fir represented insii by inch modem zypr± as siliuiianrlrrs, 
fnoi£s fc and roads. 

Rt-prlies. iTie$t k too. were quite modern in character, with lizards* 
snaked. CfOCOtiil«, amj turtles oil common and varied. 



Frfv ; - 5, A ne-^ftt prrt«t f™H Diffomyftui finrw/ffj, frmm Thr 

L'ninenr U\.^ni£ig, 1 At Dei Vratth, l >. 1 i-ulwgkd Survey, PmL Pjjjh y ' 


Bird?, 'Hiirse were much mure advanced and rn onerous than in 
later Mesozoic timr, and mam of the modem group* had rtpracNUi- 
riv«. A few of tIu- more primitive fir generalised types, ho wercr. stilt 
existed in rhe Early Tertiary. Thus 
a toothed bird has been fotind in rise 
Eocene of England. though it to 
be noted that tile teeth were only dem 
ratifoijt of the edge oi the bill { Fig. 

J54 ). With rare exceptions modern Fii; ^ * x ™* 111 bird 

H,<U Oitirelr tooths. Awtar SJJT ““ 

special feature was the existence of 

very large, flightless ostrich^fke forms which a trained heights up to 
fulEv 10 feet, One kind laid eggs more than a foot lung. 

Mammals (except Primates). Grnrrat Shtfrmmt. All during 
the Mesozoic rra ttiammak existed, but ihr; were represented only by 
comparatively few, small, primitive forum, and they always occupied a 
very subordinate position in the animal world- They were kept in ob¬ 
scurity bv the dominant arid diversified reptiles. The mighty crustal 
disturbance ui late Mesuzoll time, reaching; a grand I trim in the Rockv 
Me cm tain Revolution, left in its wake the end of the rdgn. of reptiles. 
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avid the beginning of thr rule of the highly organized maiiim&k Very 
early in thr Tertiary tlirar begun a ivundertul development of mam- 
m;ilk Evolution of many of the higher groups went on ripriUy, so rha* 
by ihe dose of die period the mammals hisd become differentiated into 

most of the principal modern types. 
One of thr most significant fea¬ 
tures in thr evolution of the mam¬ 
ma b during rhe Ceno^iur wnv the 
gradiuLl increase in rhn relative 
sizes of the hrums, Thr atwm- 
pnuying sketches graphically OIus- 
tratr this, fact i Fig. 355). 

With ihe excepting of a few 
very primitive. Late Cretaceous, 
iraectivomus, pLicent.il mammals, 
only mnncitrcmes and marsupials 
existed during the Mesozoic, but 
during the Tertiary they were very 
ag bord hi atr m the plaantaK and 
today they are annp^tiuivrly rare, 
Thr Cemxoic was ' and W) r rhere- 
fottp very decidedly rise “Age of 
! p lacenial MjumtialtT 

Because of the great wealth 
o f 4 v ai I able mat l- rial conccmi ng 
Comtek mammals, we can do 
ran more, in our brief survey> than 
to describe some typical examples 
of thr must iiucrcsring ami better 
known forms. with emphasis 
upon evolutionary diflufics shown 
by them* 

(JrnrrfiUted Mdmmtjh r*f the 



Fir H 1 SJ. SfcfTtttff to illustrate increase 
tn slat of bnjm of mujiimili from 
ihe l-iKicne to th-* pit^cni. A t Ivocdie 
UiniiiiJifTiutft ; H, Mirtcriir flrenffv- 
ifitfinn; C, mmli-iii ht^tsE, E^uui. 
■.After Marsh from Shinn*! 1 ? Inlro- 
d utriad to the Stuily of Fo«il*," c&ot* 
Eeiv of [hr M arm! LI sin CompiflV.) 


Efirrftr. Although m mmols 
were the dominant animals even in the Early Tertiary, nevertheless 
they wens not then diffrrttttiated into the more or less clearly defined 
groups of today such as fin? r {irnhorw, or Uish eaters O.g. dngs, bears, 
tigers, etc.) ; peritTcJnetyif. »>t hoofed m ulima k with an odd number of 
toes le.g. 1w>rses, rhinoceroses, r(i.i ; artiodeteifls, nr hoofed mu min ills 
with an even number of me fc.g, camels, drrr, pigs p etc,); prvHtiidimii t 
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or trunk-bearing hoofed mammals ( r.g, elephants); rodents* of gnawers 
(r ri t. rats, squirrels, etc \; mib riuuvj i* r g r moles, hedgehogs, etc-)| refit- 
or exclusively swimmers lr.fr whales* cblphin*. etc,1 ; fnWrrtf, or 
thr vriy highest of all mammals ie«g> monkeys, man, etc,); 41 id many 
others. I hoe groups, traced bark toward the Early Ternary, gradually 
become less and less distinct until* m 
the Eocene, thev cannot be at all dis- 
tfngullied separate groups but 
rather we find ancestral nr general- 
ir.ed form uhkh >hnw combifLfcmra 
of features of the later groups. 

One 0/ the most characteristic 
of thw generalised tvpes rtf the 

Earl> Eocene was I ht'iwtfftiiur ^ Ftm A nearly pretest ibdcpi 

Fig. 3 =561. The various specie* nf *d the Ewenr Fltmwdui frinac- 

tim germs showed about the same w (After Copt) 

range in size as modern dogs, 

Each foot had five tori; which were supplied with nails rather between 
true daw* .mil true hoofs in structure. The simple \ primitive \ teeth 
indicate that the animal wa^ nmrnvorous, that is, both plant mid desli 
cut nig. In harmony with other Early Tertiary mammals die brain wiv 
relatively smalt and almost devoid of convolutions, tlmj pointing to m 
low grade of mental development, 

PtrissodAclyfs le.g. home). Vs an example of the hsston of the 
odd -ti.>cd. hoofed mtmmiais w« ihall leuisrrler Hie ivelbiumwii evolution 
of the W*i- tamely. At least forty species of this family, ranging from 
Earl,! Eocene to the present have been described, and practically every 
connecting link in the evolution of the family is brown. Only a tew of 
the mn&r impomnt changes can be noted in our brief description, which 
h, in fact, not much more than an explanation of the excellent chart 
shown in J'igr \^j w Thr earliest form, called Etthi^u r, occurring in 
the lower Eocene, was about the size of a large cat ( Fig. 338 k On 
ihe forefoot it had four functional toes lone larger fhrin the other*) arid 
a splint nr imperfectly developed fifth toe. The hind foot had three 
functional tors and a splint. Doubtless this early member of the horse 
family was derived from an original five-toed ancestor whose genera! 
structure was snmeihing like PhrnaLodu*, In the fa ter Eocene Pm- 
fnr^hipf^ut had four distinct rots on the front foot t inr| rhrer on rbe him I 
foot, but with no sign of splints. This furm was bur little larger than 
Eohippus, Du ring the Oitgocenc Ntwkippu .r had three functional iocs 
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( the middle one being distinctly large* >> with the former fourth toe 
reduced to a splint on the front foot, while the three functknid! (®s 
continued on the kind foot- It was about the size of u sheep. In the 
Miocene prat&kippm had three toes on both lore mid hind terr, bur in 
each case only one was large arid jqnetiojifll. with ihr other two small 
toc> not long enough to reach the ground* This form was about the 
size uf a pan)- During thr Piiocritr and Quaternary. Pqttti i Or the 
modern horse, hatf and hos p one toe only an each from -iimI him! foot 



FlC„ ^ 57 , Chart ttt illiunnlt thr evnlsitirtU r.f ihr 1l£>r^ tnrnily. 4 Alter W, D. 
M-llHb4iv a ^n/r. .It til- jYdf. JJiJf, Jtiimdr.} 


with the two side toes of Prntohrppns reduced to mrrr splint hmnefc, 
entirely non-functiond- Thus we see rliat the middle toe or the orig¬ 
inal five-toed ancestor has developed, to the exclusion of the others, and 
it ii thought dial this ha* tended toward greater Iketnessof foot. While 
thra evolutionary change* took place, there were al m gtndmd[\ de¬ 
veloped bngrr and more complex teeth; the two entirely sr-paniie bolts 
(radius and ulna> of The fore limb gradually became coitvolfdatnl into 
a single strong hone; nod die brain steadily increased in trlattiv size. 

Jrliodmtyh (*mj. cmnet}. These even-toed. hoofed mammal*, like 
the odd-toed ones, were descended from a five-toed Eocene ancestor, Ln 
their development the first toe disappeared^ while ihc middle ptuf of the 
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remain hi£ fmir became larger and thr two *idc toe* became smaller aod 
amdler, ha 1 , inp disappeared jJrogrthrr in Mich 8 type as thr modern 
camel. This sort of evolution in the conic I family hits l>mi traced in 


Fin; J£ff. Primitive or atttfmvl hr.™, EMppjtt, nf ihr Er^tv.r R ^tmed by 

L . R. Knight under ih* diicCttuil of II F. O^linin. PtrmhstL>ji of American 
Museum of Natural History.) 


a \most as much derail as in the horse family* Beside thr camel, nther 
two-toed existing farms arc d«r. tank, ant! sheep. The rwo-med arfav 
dactyls n«w predominate while the 
louf-tocd forms (at present rep re- 
sen red r.g, by hogrs and hippopot¬ 
ami) culminated in the Tertian. 

Pro borcutwns f e.g. elephant), 

This group of hoofed miJJJmilf, 
character itfed by the proboscis 
(trunk). has been traced through 
many intermediate form* back to 
primitive EoCtne ancestry, Pro¬ 
boscidians culminated in the Pliocene, when they wtre the farges.1 {up to 
1j or 14 feet high), the moat numerous, and widespread over much «f 
the earth except AystriiliL J\liisi f tdrrit$, now wholly cxtiiwi. are chfirac- 


Fig, Ijy. a. mastodon trmb; b, mam* 
m^lh temth, Both neivrd fmm rbe 
tide. 









4 S6 


CENGZOIC LIFE 


Terizcd by having bwblikr prominences on the chewing surfaces of their 
large teeth ( tig. j^Qd}, white the true rftphaxu f including the extinct 
mammoths $ have large, neatly flat grinding surfaces on tltcir teeth 
(Fig- J 5 rv/>}- True rlrphants also ncairh alivay**hmv greater curvature 
of the tu-oks, The ill aim inn In had long brown hair. 

The accompanying sketch^ f Fig, j^ Oi together with the following 
excel lent summary b> Lull, will give a gsHjil idea or the evolution of 
dir proboscidians. l ' In crease in size and in the development of pillar- 
like limb> 10 support the enormous weight. Increase in size and com- 
plority of tile teeth and their consequent diminution tu numbers and 
the development of the pc-cnillfir method of tooth succession. The loss 
at the canine and of all of the incisor iceth except the second pair lo 
the ups>it and lower jaws and the development ofr thc-.^e as msb. The 
gradual elongation of the symphysis or union of the lower jaw's to 
strengthen ajid support the tower tusks while digging, culminating in 
7 r i trabzIrdtin i or <Jtimph&lftzriujti ) unurn l ? j tfv71s. TIic apparentli sue!- 
den shortening or this iymphy:ii> following the las* u! the towci tusks 
and the conipcnsatLiig increase in size and the change in curvature of 
those of the upper jaw, 

11 Pic increase in hul;L and bright, together with thr shortening of 
th^ neck necesaiorcd by the inn-easing weight of the head with its great 
battery of tusks, necessitated tile development of a prehensile upper lip 
which oTn dually evolved into a proboscis lor fond gather tog. The 
elongation of thr lower jaw* implies a similar elungatiopi of this pro¬ 
boscis in order that the later? may reach beyond thr tusb< The trunk 
did no?, however, reach maximum utility until ?hr ^hfirteniJig jaiv, rc- 
toovinK the support iron: beneath, lelt it pendant, as in the living 
elephant, 1 ' 

During Quaternary time the fir^boscUmns were well represented by 
both tlie &l tiittfdtuis and the mtimm&ihi. These were smaller than thaw 
of the l.ate Tertiary or about the size of modern elephants* Jl During 
Pleistocene times the Proboseidia covered all of the great land ttmssA 
except Australia but were diminishing in numbers, and toward the 
dnsr of thr Pleistocene the period of decadence began, resulting in the 
extinction of all bin the Inrtmii and African elephants of today" j Lull), 
The mastodon roamed only over much of \i>rth America and part ol 
South Amcrfot, having become extinct in the Old World in the Late 
Tertiary* The mammoth had a much wider r aji^e from thr Atlantic 
states to Alaska; §crt*s? Siberia? through central Europe; and even to 
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the British Lis. Kmc examples of the A most perfect preservation of 
entire nrgarmim of now extinct forma arc furnished by specimens of 
frozen mammoths which Have been m natures ‘cold storage" for thou¬ 
sands of years in the gravels or ice of Siberia. In several c&ra rmidi 
of the hide, long brown hair, am! even the flesh are knftim To have been 
perfectly preserved* the flesh having liecu eaten b> dogs nr even the 
natives themselves. Two of the finest specimens were discovered in 1806 
and ayn* 

Ctimh'vr?t (tigers, dtrgs, etc,). Tlies* modern fleriHratrry can he 
traced hack to a generalized order or group {^j-caUed cn rmlnnte). which 
had certain tbaratitrs suggesting the insect-eaters, hoofed mammals* and 
marsupials. js well as the carnivores. These creodonts or ancestral 
ihsh-E-isttrs had snmll. simple brains and many small teeth, In the course 
os evolution the existing carnivorous families We been derived from 
them. 

Rad*nti 1 rats, porcupine*. squirrels, eie.). The rodents (gnawers) 
can he r raced back to the Early Eocene, when the incisor teeth were jWrt 
developing a structure suitable for growing. By the middle of the 
Eocene the rodents were common and their incisors were highly special¬ 
ized for gnawing. Primitive sypiirreMthe forms a rt Lriown from the 
Liiie Fmrrid. Certain Flditoame rodents were ^ Jret Jung, 

tmftth'hrf* i e.g- mules. htdgrhngs, etc.)* These have also been 
traced bail to the Eocene h and. like the rodents, they still show tunny 
of their ancestral or primitive features. They have changed much less 
than most olthe either el asst* of rwunmik 

Among the rdnUtitrs (sloths, armadillo*. etc.). which belong to the 
simplest ptjiCfsUaJ masmitaK the Mt^nshtrium and the ytyptvi-fonts .:re 
ttf bipedal interne. The former, a vert of giant gnaiuuLWh, was re¬ 
markably massive and fttiftiiwd a length of 15 to 18 feet. Its thigh 
bones were two or three times the thickness of these of the elephant, 
and its front feet were about a yard long. The tooth structure shows 
it to have been a plant feeder. This powerful creature could easily have 
toppled over small trees in order lo strip off the leaves. Tile glvptodonts 
r Fig- 361 I were giant jiHudrllus up to 8 feet lung and armed w r fth 
li very strong tu riled ike carapace. Tficw edanlaritp, including many spe¬ 
cies, were rnmmun in South America and in North America as far mirth 
as Pcnmylvanifl and Oregon. 

flti&tftin* {e + g, whale*, porpoises, etc*)* In our study of Mesozoic 
reptiles yve found that certain forma took to the sea and became marine 
fUhlikc crearurtt, *uch as the ichthyosaur and the niosasaur. So in the 
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Tertiary {even in thi* EnctneJ certain mammals became so adapted to 
thr u\itcr environment as to become iishlike I onus* such as whales, 
porpoise*, etc,, ivhids 31c often popukrb repaided a* true fishes. Ap- 
p&rctttl) ivc have here ,m example or retragration in rvolutiu«t r because 
trar land .ltiimah took to the water and their 3ep degenerated into 
swimming paddle. Certain whdelikt forms (zcilglodorH ) of the Eocene 
reached lengths up to to or Ho feet and must have been extremely 



F?-:, jfii. fjfdf gnnored jglyptodirflPts,, DQrduvfut ttavisavrftftitf and 

ilaviffi. lAfter VY. B, ScMt, by pfnnl»M uf the MacmiHuu C-imip j.i^> . j 


abundant, their vertebra often being found in great number* b Ala¬ 
bama and other places- 

Plriiifitrttt Itontt in Asphalt* Fossil bones b a wonderful state of 
preservation, occurring under unique conditions, have been found in 
great number, in the so-railed La Ibea tar and asphalt deposits in L m 
Angeles. The tar md asphalt arc ox id bed petroleum which has been 
owing upward to the surface along 3 fracture in the earth* crust since 
Middle Pleisrocenc time. Hie animats lost their lives by becoming 
trapped in the tar pits. Among the many kinds m now extinct animals 
represented in fo^ssJ condition are great rlrphmnfs. mbtr-to&tiuii tipert, 
giant prftunJ-shthi, hi* am, and birds* 
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Distribution of Quaternary Plants and Animals. Efftcti of 
Ghtciatioa. The alternations or glnriitl and interglacial dimaws Liiusnl 
nrrspaiuUng migrations Ot colder and Warmer dimate aimnal* ami 
plants, While a great ice sluct was advancing, Arctic animats ami 
plants ranged farther ami farther southward evrn rum what one now 
temperate latitudes. Thus the niuii~or ranged southward to Iowa and 
Kentucky, and the «w/iw m Virginia, while in Europe the tcinJerr. 
Arctic fox. etc,, range*! southward into trance. During tin; retreat of 
a great ice sheet, the Arctic fauna and flora retreated to colder climatic, 
conditions, either by following the ice front northward or by going up 
the mountain* at they were freed from the ice. 1 his retreat up the 
mountains affords a ready explanation uf the fact that certain .Arctic 
plant? anil animals {especially inlets) are now found, in the Alps and 
higher parts of the White Mountains or New Hampshire, separaicd 
from their former habitat by many Inmdreds of miles of climate now 
too mild for them to cross. 

Effects of Diastcofhiiiu. During the Pleistocene, the geographical 
em'irunmciiT favored a very widespread distribution of mammals over 
must of the l.i lid are as. Thus No till America and South America were 
connected: North America and Asia were joined across what is now the 
faring Sea; ami Kurasia and Africa were well connected. Australia 
was, and bad been for a lung time, otic of the largest isolated land 
masses, and herein lies the explanation tit it 3 most peculiar fauna and 
flora. For example, nf the many known species of mammals all are 
lum-pJjiceiitah. that is. they are mcuiutmties and marsupials. Non-pla- 
centals inhabited most of the great land areas I including Australia) 
during the Mesozoic era. Since true placental mammal* made their 
appearance In the Early Tertiary, it is quite certain that Australia was 
isolated from the Asiatic continent before the I erti.iry and that under 
the more local conditions and less severe struggle, placental* were never 
evolved there and they never got there from other continents, except 
as artificially introduced by man in Late Quaternary time. 

Madagascar also bas a mammalian fauna *cn peculiar to itself. This 
island was separated from the mainland before Quaternary time, and its 
mammals, because of less severe struggle fur existence, have changed 
ttupte slowly and in their own w*J as compared with those of the African 
continent. 

The coast islands of southern California show similar relation to die 
mainland, but mure especial U is regards the plant species. 
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Primates (except Han), The primntts comprise the highest and 
tng&r complex group of all ommol*. Tic re arc rivn main ill* Lkio a*— 
the Irmurtfuh, mdudbg trmuw and utnwi and the *mfhre>f&Mt w in¬ 
cluding monkey s, sipr* p und man. Primates are comparatively unizaxm- 
moii in fossil farm because ilic-y wet* never numerous lifcr many other 
arum a k and because they were laud usually living in trees- 

Conditions fur their fossilizution were, therefore. seldom favorable. Dur¬ 
ing the Iasi 75 years, however, so many fossil primates have been found 
that wr arc now able ro outline the main *tep± in the general evolution 
of rise primates (including man) from the Early Eocene to the present* 
The oUefit known true primarcs—the lemuroid*—date train thr 
EiKenr, and they represented the lowest stage ur type of all known 
primates. Both the lemurs, with descendants now living in Madsgas* 



Tic. jtfa, A lemur frara Madagascar Ii ii a Imap iqjTCKanuvc of sb* very 
priqikive Iumsh* primal u. (Anri Exiidanl-i 

car, .iiid the Toniua, with present-iky descendants in iht East Indies, 
existed in the Eocene, 

From Oligoeeiie strata we have records uf the most primitive an¬ 
thropoid* or anthropoid dike primates, induding both primitive or an* 
central monkeys and apelike creatures. 

Many species of true Hntfttop&tds (both monkeys anti apes) existed 
.luring both the Miocene arid Pliocene epochs, a* proved by tile fossils 
found in widely separated part* or the world. Various species have oi 
course ranged to the present tunc. 

Geologic History of Mo?C Central Stnirmtttt. Thus far we have 
said little about thr interesting and important subject uf man'* fiisi 
•ppwanccj and nothing about his early history. Since man, win rep 
resents the very highest rypn of organism which has ever inhabited the 
earth, belongs to one of the most recent and important groups of aim 
mala, it b appropriate that a brief discussion af bis origin and early 
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history be reserved lor the very lasr. I/p to the present, it least, pffr 
gressive organic evolution through hundreds of mil Horn of years has 
reached it* climax in man. 

Because of Additional discoveries and belter nurrhoils of study, our 
knowledge »f prehistoric man la heeomin^ more vuTisbiciun year by 
year. The ablest stmjcnti nt the subject have agreed upon several im¬ 
portant points, while regarding others there i> still much disagreement- 
There is quite a general agreement ( 3 ) chat man has evolved Trnnn lower 
forms of primates; ta) that there are dearly recognisable ar hast two 
n|V“i nr specie* of true man, namely, U ? Iffiftto pntmprmtif \ Middle 
Quaternary ), a primitive type now extinct and f» ifam* tafiifm 
(Late Quaternary), represented by ex wring man: (,?) that true man 
rcrruinlj existed during thr Hmtnemtt: (4) that,, on a most conserva¬ 
tive basis, true man was on the earth no frss than 2Qt>,ooo years ago; 
and f 5) that there ss no positive evidence for the existence of true man 
eirlicr than the Pleistocene or Glacial epoch. 

Difference of opinion cominutib surrounded such .-as: ( 1 '< The class! h- 
cation of the early ancestral form*, thru is whether they should be called 
apes T manlike apes, or apelike men: and i2) the portion* of rhe Qua¬ 
ternary system represented by the deposits in which mans hones or im¬ 
plements arc found, or by the remains of animals found associated with 
mar/* bones or implements. 

Bones and implements ut ancient tnaji, and his early aiicrstral forms, 
trr found chiefly in river gravels, loess, caves, and [ntergladal drfwdts- 

The following tubular amngemem k introduced ill order to grapiir- 
eally represent (synoptical!?) certain of the most significant trim ns in 
connection with the geologic history of man. It should be dearly borne 
in mind that, in some respects, these ate only tentative arrangement^ 
though they du summarise our most recent knuwJedge based upon the 
work of able students of the subject. 

Mtinliir Among the most ancient known remains of man's 

early ancestral forms (manlike apes), five of iptcial inrrrm ami im¬ 
portance will be described- These arc all of greater antiquity 1 Early 
Pleistocene) than any bones of what am consul cm! to he true hitman 
brings.. It should, however* be emphasised that there k no sharp line 
01 demarcation between frtail manlike apes and man T but rather there 
am transit ion aJ or gradational form. 

rfuitrrtfopifhfiuS' or the so-called ‘‘southern ape/ 1 lived in South 
Africa, A stidl and jaw bones were found in 1025 buried in a rave 
deposit along with remains of various extinct animals u! Early Plcuto- 
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cent or Late Pliocene aec- The mature was jet ape, hut mure ad¬ 
vanced than any living ape, Me represented a very old. low type of the 
manlike apes (Fig- j6jK 

PieAerrtrcfAr^/ir imim* also known a* rile "Java man/ ums dis¬ 
co vrird in j%t, Parts of a skull and lower jaw, stv-erd teeth, 
and a thigh bone were found buried 
under considerable sediment. Asso¬ 
ciated wiib tile remains were varS* 
mis btmea of extinct animals of Early 
Pldjtocrxic age. The exccprionally 
thick skull is phi inly apelike with 
narrow, low forehead * arid very 
massive, prominent brow ridges. 

Tile teeth were of rather human 
structure. hut they projected strongly 
in front. Thr creature had a pro¬ 
truding mouth and practically no 
chin. 35 in the apes, Thr size of the 
bra in was considerably less than that of lower forms ot true man. 
Pithecanthropus represented a very" otht, bw type of the manlike apes 
(Fig, 364}, 

StnaothropuA pfiJtinvrntif, often called "Peking man t ‘ P W discovered 
in 1928-29 near Peiping, China. A skulk two jaws r teeth, find j-kuli 
fragments were found buried in a cave de|Kisit. The thick-boned skull 
shows j low, receding brehrad, receding chin * massive btovv ridges, and 



Fig- 3^3- The head nlr Auttruhpl- 
lArrsj, nr the “rtUthrrn bp*-" 
(After Broom.) 
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a wide* comparatively fi;iE iwisc. Tin- brain capacity was intermedjrfe 
between Pitticcintliropu.s a ltd lower form* of true man. Mwvj 1 crude 
stone implements were associated with the t villains. Charcoal bnrird 
with the femes shows that Hl Peking man" knew the list of fire. V urtflin 
associated bones of extinct animals proves the Earl) Pleistocene age of 



the creature. 

Faltmnlftmpvi hadtf&i-rgi this, or so-called ’’Heidelberg man, is 
represented only by a well prestrvctl jaw with teeth. It was buried 

under 70 frrt of sedimrnt near 
Heidelberg, Germany. The 
jaw is very massive Updike) 
with practical I y no chin, but 
the teeth arc of 1 in man struc¬ 
ture. 11 is definitely of E*dy 
FIcLstncrnr (first interglacial) 
age as shown hy directly asso¬ 
ciated bone* oi other animals 
of that agr. 

Eftfinlhrafuii Jm^soni, or 
"Piltdown man/ h is represented 
h most of a skuU and teeth 
found during |fj||-f 3 and 
1017 At Piltdotvftp England. 
The remains were accom¬ 
panied by Eo lid tic flint's and bnni^i of certain extinct animals of rather 
Early PkiAmcrne a^e. Tlir jaw, the absence of a distinct chin, the im- 
usliilII) thick skull, and the fairly massive brow ridges are %tmtig 1 y aiic- 
Iske. bur the teeth arc notably human. Liumthropug hud a brain larger 
than that of any ape and equal to that of lower man* It w*s p therefore, 
exceptional!} large for such an old form- The creature represented a 
later, distinctly hitman type of the manlike apes. .Associated charcoal 
and burnt flint implements prove* that he used lire. 

Summarising thr diameter^tics of the manlike apes, W- H. Duck- 
Worth sav^: "Evidence exists in each case to the effect that far-distant 
human ancestors ate hereby re^ralt-d m their modem representatives. 
Of thm physical charncters, distinct indications are given of the posses¬ 
ion of a small brain in a flattened brain-case associated with powerful 
jaws and massive continuous brow-ridges;: flic lower part ut the face 
being distinguished by the absence of any projection of tlir chin. The 
teeth indicate with some degree nf probability that their dirt was of a 


Fti:. 3 ^ 4 h fif-senr Jljncl ruf ihi brad fpf Piths- 
4 iin ihr*pi£i rmfa*. {After Pu Bob, frutn 
Narictf* “Elcnvitirp oi GojIoev, ' by ptr- 
ttiiitirrfi ol Gina and Company, Pub- 

Ihhm*} 
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mixed nature. resemhlinji m ilii-s respect tlie condition of many moJcm 
Savage tribes, - . - Whether they habitually assumed the dEuinctlvc 
erret -iitiiLitle h x point milt let doubt. * . - It h prohahje that in 
stature tbfjr were comparable, ii not superior to. tilt? average man of 
today. 1 * 

FtiUoiithh Man, The oldest farm of pritnair which, by rather 
common agrernwnt; is considered to ha ye represented true snan appeared 
Til about rhe middle Ot tile Plmtwcerie epoch. Many examples ol imple- 



Flfi tr^fnfiarjwn fit ■tijNs: a. modern ehlmpanret; A, P^lwTIrhsc man] r. 
niifcjf rn Fffui'hnuia. i Aitr; E, Rivet, from Nc^ WL Stair Miuciim Bul¬ 
letin 17?,} 

meiit 5 and bones of Middle and Liilc Pleistocene iur Paired it 3d c ) man 
have kit imind wtthiu and w idiom the gbriurd area of Europe, h 
is oitvn difficult to lie sure ot rise precise glacial nr iiiErrglnci.il *Tagc to 
which given specimens bduog. Thdr Pleistocene ape ss, however, c^r- 
tain as shown by tire conditions tinder which they have been found- 
Tims the buns or LmpJfmcJits have a!ten been found buried at consider- 
able depths in wtlimriita which have nof been disturbed since thru 
drporititin, or in direct association with the remain* of extinct Pleisto¬ 
cene animnls such aft the nmninoth, cave bear, cave hyena, woolk rhi¬ 
noceros. reindeer. must ox, rte. 

The Middle and Lair PlcisDieene men are called Paleolithic < "old 
siuticH because they are known to have fashioned many rude to well- 
diapnl stone implemiiii^ That Paleolithic man burned the wild beasts 
of hk fiint- is certain tacaifl* of the direct and frequent association of 
hk bones and hunting weapons with the bancs of cqatrutpanny extinct 
animak 

It is convenient to group mother the mnre typical examples of 
Early and Middle Paleolithic man under rhe name if not o pri*m$rn'wf 
while modem mail, who made Ids tirsr appearance in Late Plekfoecne 
Uir Lair PilcoHlhk) time, h catted //*wi*> tnpkm, The nearest living 
approaches to the Middle Paleolithic m*e are such a* the native pspuan 
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uf New (iiiinta ariil the bushman of AuitTalii. The native Tasinjniin, 
who became extinct during the nine let nth century, even more like 
Middle Paleolithic 111n.11. 

Earliest Paleolithic mun is known alrinssrt entirely from the numerous 
crude stone implement?, particularly hand axes and hide scrapers a which 
lie left, but actual bones positively known to be o! this age .irr a* yet 


fn;_ 1^4, lieflil* af NcamirrtHaj in an (TefrJ and Cr&Ma^iwn man fright) re- 
iici.fi iL (Alter J. H. MeOreg’nir, frmtiMjr nf 1 ht, American Museum rii Nat- 
ural 11 i 1 Inn, -1 


unknown. The implements represent rhr Chellean and AehcuJejm cul¬ 
tural ages. 

Middle Paleolithic man lived during the Monsternui CEiStunl ;ige. 
He is w-fd 3 represented not only by numerous implements Irorn many 
local it in r but also by bones and practice It v complete skeletons, in many 
places. His imfikmcm? were -ejierally better made and uied tor more 
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purpose* than those of Early Paleolithic man. Associated ashes, char- 
coal. and burnt honcK prove rhar lie blew tlae u sc «| file. 

Middle Paleolithic man is typified by the Neanderthal race, so 
named because of theskeletons round HH5OI in the Wander Valley* 
(femiany. Neanderthal men "w m short, hu IE-necked, baTTcLchestwl 
individuals. with many features of the buiire or the trunk anti of the 
estrcniiitie* suggesting ail affinity with the great apes less raiiote than 
that or modern man. The mrat striking feattntt* were, howl er, those 
rhe skill]. The long ami narrow brain cases were or moderate sjec 
or eym large, but flattened down and low; their orbits ire re sur 
mourned with huge bom brmv mlgt-t, behind which the forehead re^ 
treated in an ignominious fashion. The Jaws were protrusive to the 
verge of qnmjtilted; the dim treedrd practically to a vanishing point; 
ami the teeth were massive, bur without canine projection'" < E + A. 
Hnornn*. Neanderthal man walked with stooping shoulders. and his 
neck and bead were carried forward in. the same Curvature as the hack, 
so that the head flung forward on rhr chest. His hands and feet were 
targe and his knees bent, fits skull was comparatively thick. Neander¬ 
thal man "is genealogicalEy the laretc to retain several specially apdikr 
charaoere associated in a single individual 11 (A. S, Woodward )L 
In addition to the skeletons found in the Wander Valley, brief 
mention will be made or a few others. In a cave at Spy. Belgium, two 
nearly complete skeletons of Neanderthal man have been found. They 
were associated with remains ot characteristic PIrirtoame animak. Id 
the Periffirird district of southwestern France, there are several caves in 
which wen- found relics of man believed to range from Early to Lite 
Paleolithic rime. Art important discovery ( 1908} was in a cave at La 
Chaprtlr-aiix-Sainii in southern France, The remains are a nearly 
perfectly preserved skull together with the lower Jaw ami many bone* 
of thr body. Among the x^jcrated animal remains were the reindeer 
home. rhfjMKtn»t tbc\\ wnltL badger, and boar* Thri La Chapdfr 
■pcdincn seems to represent a fine typical example of Middle Paleo¬ 
lithic, nr Neanderthal, man. War Krapfna in Croatia hundreds of 
human boners, associated with thousands of bones of other animals were 
found in iHotj in a mek shelter. r, Thr skulk are of trim. women, and 
children, and are slightly broader than the later (Neanderthal) ones, 
with Irs^ prominent eyebrow ridges and not quite such massive jawy hut 
there ib the same retreating chin and flat crown 11 (E. W. Berry}. A 
number of Neanderthal skeletons h.ivr recently been found at the base 
of Mount Carmel and near Galilee an Palestine; Crimea; and Rho- 
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Moitaten.ni stone implements, without associated human brines, 
have been discovered in many pares of western Europe, Asia Mi mt f 
and North Africa, 

The NeandmlwJ race existed ior scorn of thousands of years 
through the third facial ami mrcrghdal sla^cA, and ranged over large 
parts or western- and smohcrxi Europe, western Asia, and central And 
northern Africa. 

Late Paleolithic man lived during the Aurignadan, Solutrcan, ami 
Magdiilrnian cultural ages o! Lite [ a lciitocene time, that is during the 
fourth and hit glacial stage* He is typtfied by thr Ckfi-iM^pvm race 
which H-ems to have invaded Europe, probably driving out Neanderthal 



Fn.-_ I*;;. Thj f PhH tsston erf Mama ilsr".. a painting hy T^ttr Fileolirhirniui fw 

a caver ap Frml j dt”in ff?»l^i:Tvtra] France, Nn-tr thr lari nr p,T*f>--t-y 

live aHtipoftitluti. (After CjpctaJi and Brtull t entitle*! ul tbt Auirrkm .Mu¬ 
seum of Natural Hiitory.) 

man. Hh *rnne and hour workmanship was the finrvi of Paleolithic 
rime arid he has left rmrdft of it rowings and pictures in eaves 

(Fig, 3*7)* 

Crd-AlagtDM man is classed with modern man us flomo irtprerr/. He 
wa> longer in am£ k Icifs anil head than modern eiuii. Tlu average 
*cae ot hU head iv,t* fu.If.y as great a* thut > ■ L present-da 1 , man, but some¬ 
what left ihui that of the higher tyjvrjt of the latter* Roth *fcull and 
forehead were high, hm his check bnnr* nn c immustly wide. catering 
him to have a broad face. He had a wrIL formed chin. His hmw 
ridges were fairly heavy. He stood toller and stmightcr than Nenixdcr- 
thal man. 

Numerous sldetom of Crd-Magncm man luvr h«n found in van- 
mis gwm of Europe. Thr*r rm- tmudR dfStirintcd with mam Iwinr ajiu 
siotie implrtiirm- and with botm^ 0 various aiiimaU. r*[n • r,ilk hordes. 
Some of the best rinds have been nude in or nmtf Aurignac, £nl litre, 
Grimaldi* and Dordogne Valhi in France,, nnd at Pied most in Czedko- 
tdovakta. 
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An interesting feature cnnr t rtiing Lite Paleolithic man h tlir fact 
that marry caves which he occupied have dwfr walls decorated with 
drawinp and mn pictures in colors—veritable art galleries. Oo£ of 
[fie finest examples is ilir AlLimtm cavern ui northern Spain. "As we 
At the pUiiifis mte of ihr first rhiugv to in.press m k the rxrelkitce 
af rile drawing, the pfnpetrrtnuu iinrJ pnuhard being mmsurily good. 
The grand hi^ut and rhr charging hoar are masterpieces in this respect. 
The next otsenarion may be rhat, in spite of this perfection mi tevh- 
rinfur. there is no perspective compel ton—that k nn attempt to com¬ 
bine or group Hir ti^ur.-- (Fag. * 67 ), . . , In addition to these r^ 
markable sketches in calory the other wM* or AltoiiuYa havr numerous 
figure* mi black outline ^JuS aUn engravings* ... h ts .il^o clear that 
thr work of many dilti mit nerr^ts is represented, covering a considerable 
period of fit nr. T|ac walls show traces of uumy other paintings that 
were erased to make u,u (or new wor k" [ C. Wissler L 

ALnn nthci ernes coiitaijjing works ui an luive been di&covcml in 
northern Spain and in France, 

Thr .ipprarbiter of m:e man *Hvm .in event whit 1 1 hi importance 
rank.* with the advent nt life upon the planet and mails a new nsank 
festatum of creative ciicfjy upon a higher plane. There now appeared 
intelligence, reason, a moral nature, and a capacity for self-directed 
progress *uch as bad nrver been before on earth (W- 1L Norton). 

A *Iithu Man, S * far ;l- known the Latr Paleolithic passed gradu¬ 
ally into the Neolithic or recent stone agr when man was more highly 
developed amj similar In tftrtwtUTt to pmcnt-day man. Th^ stone im¬ 
plement* of Neolithic man were visually more perfectly made and often 
polished. Neolithic man lived for thousands of years during the earlier 
post-ljlacml or Recent r pitch* but taribtis less civilized people of r^xl;iy 
still practise Neolithic culture, "T hr remains of Neolithic man are 
found* much as are tfruw of thr North American Indians, upon or near 
thv. surface, in burial mnunrls. in shell heaps rthc refuse hcajjs of their 
St trkiurn to P in prat-hags, caves. recent ITnnd-plain deposit*. and in the 
beds of lakes near shorn where they sometimes built their dwell 1 mgs upon 
piles. . . .. Nmlithic man in Europe had learned to moke partcry. to 
ipiti anti weave hunt, h-w timber, ami build boats, and tq grow 
tvhrriT and barley. The dug. hnne T t>%, sheep, iioat, and hog h^d been 
dottiest it 1 at ed ! 3 Neolithic culture *pre;rd over most of Europe, and it 
gradually passed into the (prevent) historic age. Tltis culture may be 
1 W. H Nurmis: F.Umrttu Gfnhgy, p. 44! L 


cenozok: life 


501.1 

*ajd tit 1 have marked the beginning of true civilization approximately 

2QAiO® years ago. 

Jniuftfiry */ -1 /rtri in North Jmrrmt. Thftt no wdTpmyifd evi¬ 
dentv tor man’s existence in North America earlier than very l.ate 
Pleistocene lime. "The association of man in America with certain 
fossil Irorim is unquestioned, and there is a growing body ni evidence 
strongly suggesting his contemporaneity with a considerable number of 
mammalian type* i*o longer living. Such contemporaneity however, hi 
no means indicates any rtmorr gtobgii'Hl antiquity tor man on this con¬ 
tinent, and there is rt present almost nn paleontological evidence iug- 
gestsng his presence here at a time earlier than that uf the withdrawal 
of the lost Pleistocene ice sheet** (A* S, Roraer, 1935). 

Among the most interesting discoveries in North America were the 
finding of what are claimed tu be human 1 stone > implements, associated 
with remains of extinct ;imma!s (presumably Lite Pleiiinceric>. near 
Frederick, Oklahoma; Folsom, New Mexico; and Colorado, Texas- 
At Vera, Florida, human remains arc associated with those of extinct 
animals. (possibly Late Pleistocene j* In all of these cases it is a problem 
as m whether man lived in Late Pleistocene timc i or that the associated 
remains of now extinct animal* represent forms which lived on into 
poft^PJcifrtocene time. 

As late .is 1031 a human skeleton was unearthed from jjlariiil lake 
clays in Minnesota. The skull, plainly belonging to llama raftirnf. 
1ms extra-large teeth and distinct mangpffan affinities* The xact tint! 
the bedding of the day was undisturbed shows that the person diet! 
while the lake existed in irouc oi die warning icc sheet, some r 3*000 tu 
20,000 years ago. 
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ORGANIC EVOLUTION 1 

Definition 

Organic evolution may be drfiifrd its orderly change among organ- 
Isms, both plants and quintals* h "metm* that the prrsenE i* the child 
nf r he past and the paimt of the future" (J# A. Thomson)* 

Evidences of Evolution 

Geological Evidence. One of the plainest and most important 
lesso m tun gin in th*s book U that, as ihc hundreds of millions of year* 
of geological time passedi both plants and animals, starting from low- 
order forms, generally became biologically more complex in structure. 
Not all change* in the history oi living things have been progressive* 
In some eases there have been se thicks oi mrograsioiis among groups 
ol organisms. The great, general chatvg«c^ in evolution have, however, 
been progressive, bringing into existence a juoeradun of higher (or more 
complex) plants and animals in almost. if not qustr, thr order of geo 
logical time* as clearly shown in the table m Chapter XV. Man, thr 
tnoM complex of all known organisms. appeared in very late geological 
time. 

More in detail various classes and smaller group* of annuals fur¬ 
nish remarkable illustrations of change through longer oi shuner pam 
of geological history. Mention may be made of the cbainbrrrrl ceph slo¬ 
ped* I Cambrian to present 1 , insects (Pctwylvaman to present), fishes 
t Silurian to present), placental mammals fCretaceous to present), and 
mao fQuaternary'). Thu* tin 1 re is ovetwhebihg evidence of evolution 
in thrr geological mtird. j«sst what evolutionary change* the future 
will witness we do dot know, hut we are quite certain that creation is 
not a finished act* 

* T)tt ftadcr wbo may wish n> gn m>rt fulty inm ihii Wbjcet will find an 
ailibnritaUvr. popular Jfenunl r,T-l?rii '' l ]l€ Sfoiy oi jw-nlutinri In TIujuuimj * 
|r TUr Outline ot EcjtWU 1 ’ 

jot 
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Anatomical Evidence. "Thcte k also anatomical ciidnue oi a 
most convincing Qualify* In flip forclmib* cif backboned atirtii,iU. sav> 
the paddle of ,i turtle, the wing nf a bird, tW flipper nr n whalr, tlir 
h i re leg oi a lwse P and rhe arm u 1 :i man, the ^amt r rjseiWul hnm i > ami 
muscles ire used to such diverse results' (j. A. Thomson)- Again, 
rhe piimatrs, including lrrnuf>. mrmkns, apc* r ami mail, nil have skrle 
tudB built on tin ftiihe plan alnwt bune tor bone, N.*t onl^ the buju-% 
but al^i mm* at the hndy fUgiim :tfe essentially Thr same, A great 
many other rxjnnplr* rd vrmitarit) of tfnnrfur* m .ilhnl group* nf m ; - 
maU roulJ be inn i Honed, Such rrmarkahlr sinsilaritits certain It iiuii- 
cate kinship oi aiiimuU within the group*, 

Embryologttai Evidence- Still irthcr •. unvui, in^ rvEdmcc of nr* 
game evulntmn- k found in thr life I 1 it tut ir- of individual*- It is a law 
nf Jiff that everj titdividuitl including the lummn being* begin* a* > 
single cell and pa«r : . through a of change before reaching n hill- 

growri condition. Thus rlir (rug (id ainphibum J Jays rjr^, m wprrr. 
Tht tadpoles hatched from the egg* are distinctly hNhlikc with gills and 
toils, but without legs, lo rime the gilts and tads disappear, Itifl^s and 
legs arr fumed, and the creature fan live on land. It plain, from 
the geidugiral record, that .imphilriarti not null appeared later ill on 
fishes, hut also that they evolved tram the fishes. Such a brief repeti* 
tcun nf various features of a race nr group in the Site history of the 
individual k called the J/n: of ruapitijfctwn* It es morr r*t less criir of 
mark ±U oi-gariiami. Evm in mjiflV ptuuuLd hi.itury i3tt- cmbrin t> in 
in rarly stages, ncnciirkahiy omiLnr eo ihr emhrvn* of ^uirh diverse frjtrm 
li& frog, diicken and dug. 11 rtf again wr liavr striking proof of t Fnr 
remarkable kinship* of large- groups ot animals. 

Factors or Evniemix 

We should oof hr- led ultrav by time who ririii&r tn accept evolution 
nh a fact bccmi^ its t enmr. it not known. It would lie ju*t a* 
tagural m assert that therc no Quaternary In? Age because wt di> 
not Immy precisely what caused it. In rhe scientific world thr fner of 
cvcdurion is certain—evolution is a law of nature—but ihc fdct&rt or 
ravin of evolution art! by no means well understood. Some of the most 
comniGiily suggested faeturs are tin- fcallnwitig; 

Heritable Variations. It i* ivrll-kmnrtfutr the ^f^pring k r^en- 
tifllly like the parrnf, but it is aim trite that m iwo animals of the 
same species, huivever dpfcly related, are precisely ahke. Market! 
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'‘heritable novelties or variations often irroji up m living creatures, and 
these form the raw mate mil o ( evolution. These vanations art the out- 
come 01 change in thr germ cells that develop into organisms* 1 {J, A. 
ThooBon). J uif limv such ^erm-ceil changes occur is not post five l y 
known, bur they arc probably controlled by tHc to-called gtntx which 
arc tiny particles in the grim edit* Through hereditary tendency a 
marknJ variation may become more or less established or fixed in a line 
of descendants. 

Natural Selection. In the world of living: thmg$ remarkably few 
seeds or ^enn cells cicr develop into individual plant* i?r animals, and, 
of tlu- indivifliiak pmduicvd, ah amazing number die when young- Pis* 
ease*, I tick of fond, and extreme temperatures exact heavy toll** Com¬ 
petition among plants and animal* is more or less sever*—often very 
severe* Only those survive which are well adjusted to the conditions 
under which they live. Such a natural process, involving '‘survival of 
the fittest / 1 is known as natural wttMhn* By such a struggle for ex¬ 
istence nature gets rid of the unfit, mA leaver the fit to five and repro¬ 
duce. Because ipx the Tendency toward variation in * specie^ an occa¬ 
sional individual may appear with some new feature which enables it to 
face the competition, for existence better than the other individuals of 
the spedrs, When such a variation is heritable, a new and better 

breed of plant or animal roulta, Animal and plain breeder.' watch fur 
such variations, and, by proper artificial selection and mating slicy have 
produced remarbiblr changes among plants and animaJs. 

Influence of Environment. As pointed nut in numerous places in 
the pages of this bout, the earth s surface has undergone a very great 
number of changes at mam times ami in many regions. Some of these 
changes were small hut others were profound, affecting large parts of 
corttintitrs, Thr coming and going of mountains, thr advances and 
retreats of rhe the spread of vast ice shnrts, limes oi extrusive 
volcanic Activity, and many other physical change often produced im¬ 
portant A angj-tt eh the habitats of living tilings, involving alterations in 
climatic conditions and food supply- Animals and plants have brer* 
forced it* adapt themselves to the new condition* or beenmr extinct. 
The record of the tocks show* that race afrei race failed in the struggle, 
while others went on, steadily advancing in complex tty of structure or 
adaptability to chnngmC environments as the ago rolled by* It is prob¬ 
ably true tliat not a specie* ol plant or animal from the Paleozoic era 
has survived to thr present day, and very few from the Mesozoic era. 

Sprue of rhe most profound cvcdutimiiy changes among organisms 
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accompanied thr rmneiiilmis physical changes at the- end of the Paleozoic 
rtnJ Mesw/oac crus. The increasing: cold or later Cmozaic rime, mch- 
inc a climax during 1 lie lee Age* also marked a time ni great evdu- 
rii m tan changes. 

SiroLi'Tinx i!p Max 

The iulWing statement, \vsunl m igalr by the found! «f the 
American Anthropological Association, dearly shows the push ion of 
the modern sitciitihc world 111 regard to organic evolution, particularly 
with rr in rente tip nun: 

"In view <«f the dngmnric ubjccthais raised .tguinM the theory of 
rMilutiim the. Council --r the Ynirfhan Anthropulngfeul Association have 
thciuglit a advisable to fafirailatc the present potion of Mrientific in¬ 
quiry. 

b 'The plant* and uiiimak bclniii’iug to earh period3- of the earth's 
history show that the forms huvp not remained the- imm for .liiv length 
of rime. The change* rlmr have occurred .ire of *uch duaraaer that we 
arc compelled to ttmsidrr (hr later hmm a* deseembrns ui older fumu, 
Nik lurm nt living being has remained tW samr through the ages. The 
evidence 01 past tunes is corroborated by the Structural arid develop* 
tijent.it .mat ogres observed in related forms, proofs af a gradual difTcren- 
tint a hi from com mo rt .1 jaiLr-^tr n I lomc*- 

“Thi" aiiuute ^tructuje of uli living mailer is alike ami shows shac 
all or galliums, jmm the Imv'm to the highest, smtst be i n mi dr ird as a 

unit. 

11 VI.iii h:is succeeded in producing a variety of forms of domestic 
animals and cultivated plants which differ irom their ancestors. Dor 
siicccsi, accomplished in a very short period, indicates that in long 
pert mis nattne will producr moic fundamental changes. 

"Alan ri part or fhr arristiiil world. In all respects lib anatomical 
fttmCUirr crmfnrroj to that of fht ft-.t tif the onim.il world. His pre¬ 
natal trie dr^dy parallel* iho( nr the hitter maniruafs. The same mflii- 
tnces that cnniroJ their development after birth control him and hr re¬ 
sponds in a Irkr manner to the environment in which he ls placed. 
Prehistoric archedogv hu* shown that, in the course of the agea, man 
ha* under spine great changes in physical 1 vim- and that ancient man dif¬ 
fered imm modem ram the mure hi the tnnrr anrirnr the renting 

“Locvil type* ot man have developed on every continent and their 
existence proves that changes in the heritable characteristics of racial 
groupi are affected in the course of lime. 
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"Wr rmisT tiQiidudc t Is :if rbr buddy fnmi of nun n? wdl -u that uf 
animal* strut plants ho* changed ;imi is still changing, not in tlie course 
or ctiituritt, hnr in longer periods, 

"The cs.Ai't cause of ill tinged in th*r form oi organisms jnd the 
Conditions under ivhieh they occur, as wdl 1- thr caused nudririg iur 
Stability, 4 IT Still imperfectly known. The principle 0 i change hm 
been &o Welt cstabSidled tlmr it should become the conunuti property or 
nuinkmdJ* 
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399 . 

AiljtfUic Cocitil Phi in. 124. 244- 2 4 8. 
197- W* 4°*i 443. 445. 4$*' 
43J 

Aimoipburk 1 hyped beds of gt&cLuW 
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LViHiinht lit’r, j-6-^r h plant*, 476- 
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gi nrriil pj j rtnki, pi- 

43 ^. hiftlHnv, 42 i|- 4 p, t-ditnate. 
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CdOFltd* fmin ftjptgr, 309, 31^ 317, 
41 ? 

Cnlnfaslo Platt ati. 124 , 14 ^ 357 . 
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Drpnlir inrejinL fTj-tir; i'jiiw 
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PlHfituirjri^, a 17, no 
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Prag.jiHj rtyrng, 4iS p 420 
Pr,.Tiri j jpf, liaaiJl, Ilf 
Drift. fdaciaJ t 4^1 
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Cimrh. iSi-iJa 
DunLard fnmiarioii, 347* 554 
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Fnrm^iifius tr^k i.«<c mcL frrminri.>ti»^ 
FoMil h, 57, 4*, 37^; pmtrtadon of- 
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^raphir pa«f cEimane 

wdttiom, et'rrtutkni nl llf-r, iJ>d ft- 
Eatinna of ninidtrii 
iSe, indtll, J3 = ^ oim:Taikfi Sir, 187- 
at* 

Fragmfninti itHnre, 49. mdis, too; 

voTranlr pmdurt^ a 15-31* 

Ffpiwf. 57. Si, r)9« it; i*J 4^ 

147, 49*^ +? r J 

Ffi'-iaii; jieuI Thawing. I7-5S 

4*]. 431 

F r-mt WaniTt, rnfarjcjrp, jffj, 317. 
4?|9 

FrnnTAl apmn I we oativaah pEainJl 

Fff^l ji^hu, S 7 - 5 S 

(iflbtirft, ji 
Oilms, 34 
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Ganoid i, J7t 17^ 4U 
Ciap r Mryirl. 142 wind 

Garden iif ifafl Ciodf, 7*. 71* 14& 
Gimtm. j*. |4 

Gam and vujpun. nuipnmtki $2: % j il- 
came, am 

G&vtfopftd', \&% f %n, 174. +ia 47I 

Crtanl»fSim- L 

tSumefi 

Geegrnphv, ddLned. 1 

C^telrJKir rdcT'Jlliofl) hypoftlfli* of 

473 47* 

Otologic inip* rrt, 2 5 Jj- 2 Sj 
G eologic limr, J n 3; d&sMticaurhn ni, 
191-192; tniJii dmnnnt ami fwnti 
of, 29a; IcttEch of, 39J 
Ctiilrpey, drlwd, 1; *cnr>e nf, t, 2 : 

brnneha* ef ? 3-5 
0«1 i>=rv, dynamical. defined, 4 
G^lrigy, rtuMif, defined, 5 
Cn-uJi^v, liXMoricEiL defined, 1, 2-$ 
G-enlngy, ph> ricit, defiind, 1 
Creliogr, unjttntnl, ifpfim-il > 
Georgia. $9. +7^ 

GrtwYiuJiue*, | 3h 347 ; wgidficanra of, 

l$y j Appalachian, i&9, 555 T CofufiJ- 

Tmm. iSy. 115 

Gcrmany fe rS*< i*y, iS6i 191* an, 152, 
477 . 4 - 14 , 497 
C.<*y?t ruf. 341 
Grytefi, ij| 

Gink gnu, 3*7; 407 
GlnciiiJ hfinildft* fsrr eir*kk*l 
is lam l drprKin a |-hi tfariatlon 1 ', 

173-179; ict laid. 173-177: rtuviu- 

giadul. 173*179 

GlaHjl tpnrfi I *** jIsu- FW*l*Ktfie 

tpm h), 431 

Glacial \a Li r*, 4^-367, 462-4*9 
Gbrul railcy*. 1*1-170 
Ci lad all on, Proirroioic. 114, 3*^ in, 
457 ^ DerotiiiH, 542: Fetmfait, jjTi 
jemjj Cretaceous 40*; RriKfltv 442; 
Qiuirrmiry, 454-475: efireu «■« or- 

gJiihtu?, 490 

Glacier maFirm, law* of. j*i-r*a 
(ilurlrr N^inuuil Puli, 04, tJ 9 i i r| " 
i*S, |T 7 , 25$, afti?, 31*. 340. *jS, 

4 ^t 

Glairier Peat. r£9 

Gladch, nmt cif r InfipartalHM 

if* > 54 ; tree*. 154-157: viilny, r-:+; 
liati|till£. t**, 15 IS; 
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■if, plttluwim. tjS- (« rap*, 1*7; 
emit] ur ecu I, ij;; mining, 15S. 1^; 
fee Ag<% origin, i*p: 

mwrnnrnu rAi-iAi; Inner IJiiiirfc, 
cxcvaww In. 1^4-165; 
mnralim, 165-1*^, drainage of. irtA- 
167; eitafcn by, ffiT’ttJ, dr pout* 
(rfi in-, 172-179; QuBFrmnnr, 454- 
475: r*« alHr glacial km) 

GlaJ** Itlfiirr, 49, $s 
CI>pi<niOTlE\ 4SS h 4% 

Gnth\ 54, 55 
Gnci^riid. liruttLire. 55 
thmiflHlrrH, 575 
GHitgT', 131, 4H, 47* 
firalnn, ijo 

Grail ret itri-aTn, too. T07 
Gra ditiil. -tre.ii'n. 106, Ho 
Gnham'f Inland, 223 
Grain* J*l 

GrjEid Canyoa of Aii^acu. 74. 107. 
PJ?* * 4 °. '41. ! 4 a , 144. aS 3 , aji, JtPlp 
145, 554 , 44ft 44^ 

Grand Ciinwm n4r™, 117 * 320 
Gcmnd Cmilre* 469 
t Jraiuiiau clac'ul efwi h r 45 S 
Cjnrmto, 47 ^ 3 ? 

Qriftlipy tnlurr, 47# 4 ft* 51 

Graphite 14 , J<3f 
Gr*pMlirc», 3^'i, jfi? 

(Aravin, j(i> 47 If 
GfjveS^ j 9 k 40 

Grrai Alftrferlti Glider, i>ff, J^5 
Grear Baifn f *« al»o mn] Ranj-e 

PrcviiKcK i^ P jSj, 4*5, i*r, 
a- 71 , 334 . 353 

Grc« Lake** II, a*(i. 4<!a-4fl^ 

Grt-Jf fjferi rrgioii! 353, 434 4^4*! 
Gtr&f Plaint 445, 444 4jS, j£c\ 591, 
40 O r 401. 40J, 423. 4J4, + 4 *, 43* 
(irrai SaEl l.aki,-, M r 3 M, 26>>, 570 
(#rrir Smnkv Vf^mita 1 «*, 434 
Great Vafle.v fCalifornia), 40j, 42^., 
44-» 

GrrrnljimJ, it. 157, s^ r ifit. i&3> 

541 , 41 ^ 454^ 47$ 

Grmi Motinraim, i52 T 45^ 

Gtre-n Rivrr formal inn, 4JX 
Gfinville n-iwm 30*^ 307. 50^ 

Gtdljp, |. 19 f 

Gull Coailn? Plain, 344. 25S. 317, 599. 

4*i, ^ftr. *09, MIh 435 . 43 J-W 
Gnl! if California, 450, 432 
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C5uif rtf Si. Lart-iffKf and rfejoltv, 
1*7* 51J. SI*. J+Bi J54, J5&< W 
^ Jfio, 4j i 434, 4 S* 

Gulti«, i&> 

GtmfiBhpe imt, jfrl, J63. 464, J*6 b J6* fc 
Gy^im, 13, jfl. 4l a JSjj. jj 7 

Haile* jif fj-uSi, S8, 89 

Hiirip'mi,; tfljkys i 7 u 

Hanging ivatl, id t j ill 1, 89 

Hardness uf ml ticfi It, io-ji 

Hairing ^Tflrfla,, 3Q7 

Havtoium lihmk l». zo*. «*?, ?m, 

4TJ. 21J, 314, 4 I 5. 2|fr, 424. ait. 

ficldhtidf. tEtaricic, 193, HO7 
Hear, outing cn™JiJntTr>Ei. of ftraEiL, 
15 E outing n^Mmiirphhm, 54 
Heave, of fault, 88 p Sq 
■'H eEdrltiei^ man^ 49^ 454 
Heligoland, (9± 

HriEiiiifr + 34 

Hmnir *hatc, 3^4 

Hlghbud Regiun, Eifllrm, 4j+-ij7 
Hlmalfva Mountains id. [|g, i^j 

IH-S-ric 4*.-!% m , 4 ^ 

Hilt^iml Grnli.ftv, *75.543; I 

prinriplts -73-1-34; defined. i, 2-5: 
whar it icarfcrs 375-376 
Ifobtis W + }L. *5 
Htjrglitirks 146 
H'imo priimgtjiius 491, 49- 
If*™ sapiens 491, 495, 4^-500 
Hi:Kiton. El 497 
Ibrizml bdr p 9i 
Hornblende. *3 

Horn, cYtsludnn jF, +83-4*+, 455 

HurvetaiF 1 u iiIjc 1 l'*-H alt hjoptavtir»Y 
HotTf, 90 

Hud*au ijy, rf^ e 4J- 
Elndbnn Bay region. 3*17, 13.3. ]So, iji 
HkuCm Hirer anrf Volley. n. ia* iji, 
+JJ- 414, 4j(, +16, 4^, 

HufttiiigiQn, E., +74 
Humnian ±vitrna„ 313, 314^ j 1 ^ 320 
Hivaiisj h-> River, drills Ho 
Hydration, in itearhmnj* 63 h 64 

Ice Age fw il» Quaternary glacla- 
ii*m^ ciuk d, 473-47 5 
I«hefga. 3<j 1 


Inland, tJ7„ 15S, ju, 435 
Elc ihc*r+ if 7; PlrjMrxnir, 4(4+^ 
flk Quaternary I it 
(ebibjmjitfrs 414*415 

Idaho, utf, 21 s siu. it+ fc 3 ®S. Ml. 
#-H* 44 S 

fgnemi* rrtcK 35 . 4*” 5 * E -rhaFKt^i- 
j Hies 46-47: magTHiL 47 - 4 *; te am re v 
□nd Tninpiaiis 48-5^; kinds s-o-ja. 
« 4 ructtifr* nf, 96100; I*** alto vol* 
rauic rocV* and piutonic rocks f 
Illrcilleyvaei Gloricr, I'M 
111it|-iiaM 41ai'lat irjj+jt, 4^S 

HEinuis, 337, 351. +M 

JiuJei fovill, 1^5 

India, 13*. JtfS, J2i 

ImEbna, 1*5, 3J9 H 14^ 4*3 

Indui Rjv« A 13« 

rnEitrilrd driLilia^e lyifctn, ijo 

364, $tS. 37j f 37s, 4 fi, 47 fl p 

+Id 

fnifclxvatts 

[rrtn|arinn 1 5JE-5Q 
Ijiirnui drainbir-rii, 

JlUfflftt Hiuhbnd, 437 

IccpfifST l-rjwiand J -re iJ»mi Mi^Himippi 
Valley}, = 44 , 25 ^ -^ 4ii y^, ±y 7 

Ertrruffvf fodkt (i-er plul^nfc rurfei) 
[nlrutiit th«r till 1 

Iowa. iSYi, 4/2, 4^0 
Icmran ftliL-ijl lutnua^ 45^ 
irrlmntL 175 
Iron ore* ho^ 39* 4a; 503 
It-odinat tnlds Scs ^3 
Inly, aii. ji ? 

rtipan, i Sl 1 A, 24 

Java. 4^3 

"J u ™ m*n h +> 4$), 494 

.tnd Jeffreys 

JcfiyBahn. 36S. yfa 

John Day format inn, +44. +|fi 
J , ri||TB4vl3. D, W„ IO5, 401, 406 
Joints T 7 i S4-87; 11 d [u rc til ftii caun^s 
* 5 -^ 7 i mlirmcvar, 15-863 xtriMftii and 
compf«ipyip, 85; a|«ct $7: aid rn 
wream rinbion, 104, 103; aid to 

^Jaciil rraiWOp irtS 
J-uiiIJcj voir a m>, jj® 

Jura Meiuriuns S 5 , 245 
Jura-*!??„ pniod an 4 v>tfcetts 390-596^ 
mett, 1 Od- 3 91; htaary; 591-^64 

rlsmJice, 196; life {Kt life) 
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Eaihih ttmmrfne + jj* 

Kurnrt, 

Kjmwin glacial if age. 45E 

KamrK *jt. t**, 5*4, 355, 353 

K4irn.1I V'fpfcano, tSi, ji7 h lit, 434, 

ai 5 

Kjif, t*+ F.* 

Kecwatin, irrtcm. jnj, 304; iee *beet 

m 

Keutuiiv, 4 jv. 4 ^ 4?a 
ftem River Cam i.nj a a6S 
Kefflr hmlci, 17^, [jB 
Kftilv Idtts. it? 

Ktwcfnnxvatl iixem, 314, J15 
Kitflur*, «et* 4ii, itj ¥ 114, air, 224 
KiNarnrv, crania. ju f 3157 Revolq- 
linu, ji|; Moii Medina, giS 

Krn^ River Csnynn, 141, ajfl, 44* 
Klanuih Moimftin*. 45 3 -4^2. 
Knifr^ifgr thl^ 17a 
Kiwf* ^rinb, ipj, J&4, 

Knowtum, F, H** 4D-> 

Krikaicn, 1 ? 1 

Kiijiim** tjjtn pf, 477 


Llbridar, m. iaa 

Lkbralorw ice +lierf, 4 

U Rfra *af rf€[Sff,|r H |Sr^ 

LattnLthy 15- ay 

L» Chuprlit. men nf + 497 
iv- K 303 

Lake Agamt, 1 273, 4^0 

Lakr Algcm^uiii, 4^ 4*0 
Like Baikal, tin 

Late baMn* lan'dn), by LEtaitrnphrcm, 
atby 5LiFr4nbm P by 

Efocial artlun, 2*42*7, *m-im 

onion, itrp-z^i in ortur wan, 

|«t 

Lake B unno tilr. 3Mj h 47^ 374- 4U 
f akr Complain, 2*9 
Lake Cheld!I. 2 hO, ir-'f 
fjkr Chka^ |f r i r 41I4, 46$ 

l.akr t^irlufti, 464, 4I.5; 

Lake Ellen WilMjn, 

Lake GtnrV** jria 

Ijlir Huron rrgiOTl* JOJ-JOJ, )T 3 , 
. 5*1 

Ljke Irnqiwk 4*4, 4ft* 

1-ike I_ab(iiiron 4 J73 
Like LllihIv, 4 * 4 , 4 &J 
Ijlfe Maumee, 463, 464 


Lake Ontario. 26a. 43* 

Ult »*»***, 44i 
Lake Pepin, 

Lake Pornrhuiirain, 467 
Like Saginaw, 454 
Lake Stipe nor, 260 
Lair Superior region, JG3-3&5, jii, 
HJ, 3« 

Lake Tishw, ifr* 3*1 
Lake Hfiifkrajn^ a4a 
L.ia T TtfcfaiCa, a*** 

Like WMfilexy, 464 
Lake Winnipeg. 373, 4160 
l.aktv origin nul bin mi.. ^^0-174; 

general fipiiim and ciomplr* 2*0- 
itij origin ill b.inifi^ jtr-’r.S; sib, 
^5-371; rirutruttion of. 271-274; m- 
tiucr. *7* 

Luml>lidr», fi, 71, u« 

Lapi FI I, a a* 

La Plate, a^5 
f.jfinW# Rarijff. jw, 4jg 

Lowm Peat, =aS a 117, 118. 32^ 

*47 

L^m'II Vnlranir XailoRjl Paik, 264 
l-anreif, 477 

LairmiiUit, pencplain, uS; lEranifc, 

,103; Rf^lutirtn, 7«>4 

ho- urment for limn), aio- 
iiir ll^E i.L^d^ 313-JfS 
I e Contr H J., 300, 413, 477 
LergLmm, M., 43^ 
lefflirraidi, 491 
tefflurs, 49 c 

Irpidmkttiltnn^ ^4, jft| h 3^, 4^7 

UpiduphUE-i jfit, 363, ^ 5f 

tW. 407 

ml lira I, iiv 
Leu.!* ihrti^i fault. 405 
]7, 43 

Ljtii b, tkf Lrtd. So 
LimbaepK, 51 
IjmrMiiine, 39, 41, 43 

liquid^ In jnriaflKTrjikiiiirir 52 
Liurdi^ 43 r, |.Ht 
l-nad, 5ireani k ig$ 

Lnam. 70 

Ijjfi yfrr^ 375, 41a 

LwH, 39. 4*i *3\ 4S», 

tong til and, t?j r 436 

1 Angtlei retfinn. +2.1, 450 

lamifianiif all?. 2*3 

Lower Cali^rtd*, 389, 39a, 39^, 45a 
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Lull, H. Su, 4 S h’i 

Ltiug fi^kes <«e Jtpnuatu}! 

ttifiv C'avtp 339 

Lytll + C% j8k 


Hflckenri* Rivtp rr^mi. 411^ 

4^3 

Mad£ga*rar, 4 ^q 
MagdnEcjLiLiLti n*< w +93, 49ft 
Magma, 47* a 10 
VtigjiEdlp, 34 
Mljtflrtlfaft 477 

Maidflibii tren i^f gi rift Vo* 

MdflF, 11, ITU 314 . jju 41 *. 4^ 

M 41 a*pi rtu GIeeic r. 15 6* 157 
Mansroli, 36!; Moozoic P 4437 t!rno 
mk % 4^1^00 
Minrmnfh Cave, 339 
Marmnwfc real bed, 351 
Mamniinh Hm ^pniijjii, 441 

Msnmiatfa*, 445, 4.1*6, 4*7, 4US 
Man, grtdngk hkinry of, 49 *"$00; 
tvolurlun of, 4**1-500, 504-503: ill 
N orrH AmrfiQ, ^op 

Mitiiifjb^ >^: H 4 ^y 

Man Min glfleiiii huhsMjie. 458 

Manrlr rodt, *£-i£?; midnal, 67; 

tru m|'ii rffd, <£7 
VTapIti* 477 

Maps {%*mtz\h Smth Amtnw »pb>- 

>Eral Slid iwditical). 4; tubiticrsfEi! 

channel,, z*[ great mrrh* 
qiiakta in Mvitb America, li; r4Tih- 
‘juiiler region* rtf world, r$. 43; 

map ami Krtinn, 76; 
Ellrandrririg ilrram*. ii| + j*g; 
hraitfccrf rtrpain, ufr; nr^m ctptUTr, 
ijS, iiluricr* *11 Ml, RaJniriV i*S; 
"&>■** ficar NViv Ynfl F 1Q& ; barrier 
hf-df.hf-t in Sot Jrraey, 199 ; snh- 
m.iriijt raiklyn In CdiforEiljt, Jj*£; 
diftribuimn of vnkanocip is ; Lake 
BimnrviHr, 41^; i^rihrm Appah- 
H.hinn^ hi : Tce Age glarJers 455; 
Cifrai Lakri hiHcirv, 4*3.467; 
Niagita Gargf, 47a 
Map* J patniKiTH,graphic of Efonh 
Amt E if j \ I■" ;rfly i ' imhri d n p 1 a 3; 

l aEc Catnhriari, 5a— Early OnWi- 
*30; Middle and Laic OdM- 
cian, 3111 Middle Skhirian K 335; 
Ear 3 y Devonian. 14U: MisblEe uml 


Late Devonian, 34 * : SatTy Mihj** 
flipping j44j Middle Pk-un^Ylraniatk 
14 ?; Laic PcfkrtsylVanLui^ 351?; Mid 
i!tc Permian, ; > >■. 3 Late Triadic, 
3I7; Laic jurawir. 39*: Early 
Cmaecmj.L jqn ; I ran Ciewemi^ 
400; Eocene, |iy ; Oh^rne, 4l&i 
S^air MSc^fiic +51 ■ PFfoptftft 431 
A rLs|>* i nhoivickg rock dJ«Mbu4ltxn in 
\nriti America 1 Arcbcomic and 
Pfofmj^oii?+ 401; Cimbrian, Ord^vi- 
ciaii, ikiu! SS hitJan 33^; Dcvmiin, 
MiHj^ippian, uni F^mi^tvaiuai^ 
Pciminn, 333; TrinsMe anj 
JuripntJc; JI5, Patfujidc and Mrw- 
t&fo haElidith^, 394!: CfcUcraiiN, 
3771 Ttttktf, 4J4; Cenoaok voi- 

™ic?v 445; PlduMnt ulacIrTi, 
455 

Mnrhlr,, V 5 
M^ifL 41 , 7*a 
Maj'h, 0» C, 4 ty 
Mjfrypiah. 4JS, 4«5 
Martha'* Vinci anl, i?3> 39^ 
Maryland, 78. 79, 307 
Mosi=irhu*ttti (we a|iif> C-onncciacui 
Vitrej I, ctiCHtmlflEis in. 41-; dike* in, 
0 li MS, J2fcl gjnoal tlepfisitA In, 
175: irlnil work in, lit ; Pilrntoid 
iHt 345 i 557: Mcioaoic in., 3*9, |® 3 t 

\UatQds&a> 4 ^>, 4S7 

Martwlotmuiu^ 413 
\iattcrhiinssj 175 
MaQch Chuibk ibalc, jai 
Mautnt Kfj, 

^Jtijna Lua. aog, 2 ij + aifi* an, ai| r 

Mriuiirr depokjf^ 1 17-uS 
Mciodcr% m, m B nj b nlj ca- 
irctuhrd (k hosed T|q 

Mrdkiftr B tivt MuiiEklaiiiA, 4.39 
MfdinrrnmcJHl SmtH^ 1S7 
Xlrgaihnriinn, 4 IK 
Vk Mi t4 5l 14.fi 
M. ^ibippiis 4*1. 4*4 

Mevitii life, 407-443; jrlanti, 107- 
407; iavtnrbrfliti, verte- 

bralc^ 413-404 

M r^iij^ikis., rodu jnJ hiitury, 5^4-405; 
l>iJ5*ic p Jura 11 ic, $< 30 - p - 

i’faimfliiin, 396-406 
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Mtfinmrphif mdt*, 5 5, §r-$s; tninrraJ* 
titiiJ »TiurtuTff^ ^4-JS; kiaJs S5 
MrEamorphiRm d meaning **t r S* r b*' 
fl£entfrx. 51-54; 54; ergi'iatnl. 

14 

ftfaio*, I55» 34>i 3 55, fit. 5?7> 

4«. 4fl 

Mexfcflb. *2^, 52?. 55& a jji. Jis. |4*. 

?43t 14* »« 

Micat. ti 

Michigan, IOfi JtfJ, 13^ 337, 3+ ■ pi J43j 
34S 

Mineralogy defined, J 
Mifterali h defined. 25: crinnpouriJin,. 2 f - ; 
Aralo^fe Ijnpei+tjnt* 2*; rnml 
fornw, imo; ;iliT*ica] p trip ctt tr*. 
|fr*3 1 i Mttrpfn, 3*-|J 

VtiriFKM-HJ. tcHj F 17^ 14 i"-*, 

1*1. J*Ip 4**. 4^9, 472, sw 
MMH-ern\ eperb mini -rrE^, 445, 4-=r, 
ajS. 4ti, 41* 4*4, 4:'ip 44?- 44** 44*i 
45*. 454 

M&iltiippi Bailo 4 Valiev > r 2 < 5 . J* 7 i 
JWi li* lij. la-?, |13, H4. 344, 
343. 3+5. 3 *£i 3S*, 1?9 p 454r 4i7* +J*. 

f 5 ? 

Mh^^jppihO, period it 1 it| ^nlfm, 341- 
345; mdc* 3+i-J43: htrtrrrv, 341- 

345: fUinalc, 345; life (*« FaJccufijlL: 

life! 

Mmmilipi River. ni itten.nl ranied* 
lk>7']ol; Jlwjii plain, in, iifi; del in. 
laQp 139 

Mhwurij 117, til, 3»( 4 3 "j 4^* 
Mirtatufi River. 4^7 
Mature Heim. Etf* 44* 444 
Mtduurk River and Vfltley, 14+. 434, 
4^4+ 4™ 

MriM., nf fop5tl» t 277 

Molluteofdas, Jf'S, |ri. tTJ, 

MrtllkitK gtili, 37* J;3> 47+* 375* 4**- 
4* *47^470 

MpjijJimdt, tly h i + B. 147 
Monk^^ 4.7] 

Mfliuidhic, S-it 
MmvXi'f 1 , Tdforn. 391 
Muckr> Cnrlcrt, irrt, aij 
MarKinfc?Mn formation, 345. 14? 
Mt'.EkcmvntieH, 4^2, 4fte 
Mcmiina, j£, 94- 4B. 1*3. 1*7. i*ft. ■ r-s. 
*4^ 26f\ t JtU, Jri) H iiu. ?34, J4*> 

4 Pt* 4«5. +1? 

Monte Noata, aiR 


Mufaiiici (HEpf r^Jidati tn&forml. mb- 
141+cbl, Imleial. medial, tifmllttl), 
t6$-jfc4; giwnd. 173, 174; lill urn! 
hftulijcr clay. 173; frrmirtaf, 173-174. 
f?j: frer-.-mnab 174 j IJEcul, 175 
V|i#iataitrs k 4 f i 
Mflilttp 411, *?$ 

Mnulcfiii. P. R. 3^ri. 297 
Miiuiimiiia, 243-45? ^ ilrnfiiriim, 423: 
amitipmffti of. 444-244; riripii! rti, 
144-154 : folded block. 

-jr-2^; %-iSrjnic, 352-253; foci’ll- 
Utluc. ti’isimi, 251; ranpdvi^ 

254 ileafriictlDD uf H 254-253: re- 
jiFvtimioti nf. 25i'2|7 
.Mr. Hiker, 44- 
Mt ijindntl. 22i 
Mr. litEsn, m!t f :ot. 21a 111 

Mt. UcplI. 157, 447. 45b 
Mr. Jeffersrn, F59 
Ml lii. 447 

Mu Miiefo II. 35^ 

Mu Raimf r, if$ 157* 15S. 159, 1^3, 
- cW U it** 221, +47 p 4£& 

Mi. Sbavti, 1 gy. 209. it!?. 22^ 121. 
++^» +SS 
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North St*. 1S7 

Norton* W, H., 25, 413, 462, 499 

Norway, ij7, 170, id^ +ii 


Noi,i $mia. Ji 3 , JJi. | 3 T- 51 *. 541. 

3+Ji 34+ 345. 34^1 fLS*. JfJ. 355 3*5* 
3S4 

Nirninmllir*, 478 

Otka. 477 

OhddUn, $+ 41J 
Urratk ifdldltutrj. 187 
Ohio, 330. 33 f r. >34 
UUobtujLa, uS, p+ 34^ 354, JSfr+ 37. 
5W 

Old Hnl Sandrixme, 3S+ 
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1S0. 3 «t, 2S3, 44.3, 445 . + 4 *. HN 4+8 
(irtgon ravtij 239. 240 
OrlUlhnpnd^ 418 
Omgrtlk ImovtnatTLl, 5 
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Paleow^e lilt p ; plum*, 

1^71 JWfmak 367*3*0; general te- 
imiSes on, 180-383 

PalmniC) ■nri,v arid hi 11 nr v. sz^-ioo; 

£me t a\ hjIctik itti p* Cj nih ria 11. 
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aim On.Ll - rnae-i ice Affea 

PIcivNK-eiie ftlcir'JaiiofTv it Xf m *w, t;^ p 
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Simer. rilnxoin. 39, P 
SlnifKi% 1264 117 . 33a, 35i h 135 
Sbtr. 5 +, j* 
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